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ADVERTISEMENT 



TO 



VOL.IL PART L 



The second part of volume ii, comprising the 
subjects of Electricity, Magnetism, and As- 
tronomy, and concluding the work, will be put 
to press after the publication of the present part. 
The first volume was originally published without 
the second, although the whole manuscript was 
prepared, because other works on Natural Phi- 
losophy were offered to public notice about the 
time. The delay of two years with respect to the 
second volume has occurred, because the author's 
very little leisure from the duties of his profession 
(than which perhaps none more interestingly ab- 
sorbs the time and faculties) was completely taken 
up by attending to the repeated calls for editions 
of vol. i. A friend, however, has superintended 
the printing of the last edition, and has allowed 
him to proceed with vol. ii. These explanations 
are given as an apology to the many persons who 
have honoured the work by expressing disappoint- 
ment at the tardy appearance of vol^ ii. 

The author* while preparing the fourth edition 

A« 



IV ADVERTISEMENT. 

of vol. i, received a copy of a French edition, 
in which the translator, M. Richard, to fit the 
work for the general use of public schools and 
colleges in France, had given in lidtes the com- 
mon algebraical formulae for the various cases 
described.' The author, atone time, intended to 
have done this himself, but afterwards determined 
only to add a few remarks on the subject at the 
end of vol. ii. To this determination he still 
adheres. In one of the North- American English 
editions of the work, there are also copious notes, 
but as the author has not yet been able to procure 
a copy, he cannot remark upon them. 

In the present or fourth edition of vol. i, the 
subject of speech is still further analyzed, by a 
complete explanation of the hitherto unknown 
nature of the defect called stuttering or stam^ 
mering ; and the discovery of its nature has 
suggested to the author an efiectual remedy, so 
simple, that sufferers in general will be able at 
once to adopt it from the description now given. 
That the purchasers of former editions may not 
be obliged to procure the last on this account 
alone, the chief additions to the section in vol. i. 
are here subjoined. They occur at page 610 of the 
fourth edition ; and they should be inserted at 
page 565 of the first edition, at page 589 of the 
second, and at page 598 of the third edition. 

London^ November 1829. 



APPENDIX TO KARLY EDITIONS. V 

^* The most common case of stuttering, how- 
ever, is not, as has been almost universally believed, 
where the individual has a difficulty in respect to 
some particular letter of articulation, by the dis- 
obedience, to the will or power of association, 
of the parts of the mouth which should form it, 
but where the spasmodic interruption occurs alto- 
gether behind or beyond the mouth, viz. in the 
glottis, so as to affect all the articulations equally* 
To a person ignorant of anatomy, and therefore 
knowing not what or where the glottis is, it may 
be sufficient explanation to say, that it is the "slit 
or narrow opening at the top of the windpipe, by 
which the air passes to and from the lungs — ^being 
situated just behind the root of the tongue. It 
is that which is felt to close suddenly in hiccup, y 
^resting the ingress of air, and that which closes, 
to prevent the egresa of air from the chest of a 
person lifting a heavy weight or making any strain- 
ing exertion ; it is that also, by the repeated 
shutting of which, a person divides the sound in 
pronouncing several times, in distinct and rapid 
succession, any vowel, as o, o, o, o. Now the 
glottis during common speech need never be 
closed, and a stutterer is instantly cured if, by 
having his attention properly directed to it, he 
can keep it open. Had the edges or thin lips of 
the glottis been visible, like the external lips of 
the mouth, the nature of stuttering would not so 
long have remained a mystery, and the effort neces- 
sary to the cure would have forced itself upon the 
attention of the most careless observer ; but be- 
cause hidden, and professional men had not de- 
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tected in how far they were concerned^ and the 
patient himself had only a vague feeling of some 
difficulty, which, after straining, grimace, gesti- 
culation, and sometimes almost general convulsion 
of the body, gave way, the uncertainty with re- 
spect to the subject has remained. Even many 
persons who by attention and much labour had 
overcome the defect in themselves, as Demos- 
thenes did, have not been cble to describe to others 
the nature of their efforts, so as to ensure imita- 
tion : and the author doubts much whether the 
quacks who have succeeded in relieving many 
cases, but in many also have failed, or have given 
only temporary relief, really understood what pre- 
cise end in the action of the organs their imperfect 
directions were accomplishing. 

" Now a stutterer, understanding of anatomy 
only what is stated above, will comprehend what 
he is to aim at, by being farther told, that when 
any sound is continuing, as when he is humming a 
single note or a tune, the glottis is necessarily open, 
and therefore, that when he chooses to begin 
pronouncing or droning any simple sound, as the 
e of the English word berrij (to do which at once 
no stutterer has difficulty) he thereby opens the 
glottis, and renders the pronunciation of any other 
sound easy. If then, in speaking or reading, he 
joins his words together, as if each phrase formed 
but one long word, or nearly as a person joins 
them in singing (and this may be done without 
its being at all noted as a peculiarity of speech, 
for all persons do it more or less in their ordinary 
conversation), the voice never stops, the glottis 
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never closes, and there is of course no stutter. 
The author has given this explanation or lesson, 
with an example, to a person, who before would 
have required half an hour to read a page, but 
who immediately afterwards read it almost as 
smoothly as was possible for any one to do ; and 
who then, on transferring the lesson to the speech, 
by continued practice aud attention, obtained the 
same facility with respect to it. There are many 
persons not accounted peculiar in their speech, 
who in seeking words to express themselves, 
often rest long between them on the simple sound 
of e mentioned above, saying, for instance, hesi- 
tatingly, •* e I e think e you may," — 

the sound never ceasing until the end of the 
phrase, however long the person may require to 
pronounce it. Now a stutterer, who to open his 
glottis at the beginning of a phrase, or to open 
it in the middle after any interruption, uses such 
a sound, would not even at first be more remark- 
able than a drawling speaker, and he would only 
require to drawl for a little while, until practice 
facilitated his command of the other sounds. Al- 
though producing the simple sound which we call 
the e of berry y or of the French words de or qite^ is a 
means of opening the glottis, which by stutterers 
is found very generally to answer, there are many 
cases in which other means are more suitable, as 
the intelligent preceptor soon discovers. — Were it 
possible to divide the nerves of the muscles which 
close the glottis, without at the same- time de- 
stroying the faculty of producing voice, such an 
(^ration would be the most immediate and cer- 
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tain cure of stuttering ; and the loss of the faculty 
of closing the glottis would be of no ino»ent. 

" The view given above of the nature of stut- 
tering and its cure, explains the following facta, 
which to many persons have hitherto appeared 
extraordinary. Stutterers often can sing well, and 
without the least interruption, — ^for the tune being 
continued, the glottis does not close. Many 
stutterers also can read poetry well, or any deck- 
matory composition, in which the uninterrupted 
tone is almost as remarkable as in singing. The 
cause of stuttering being so simple as above de- 
scribed, one rule given and explained may, in 
certain cases, instantly cure the defect, however 
aggravated, as has been observed in not a few 
instances ; and this explains also why an ignorant 
pretender may occasionally succeed in curing, by 
giving a rule of which he knows not the reason, 
and which he cannot modify to the peculiarities 
of other cases. The same view of the subject 
explains why the speech of a stutterer has been 
correctly compared to the escape of liquid from a 
bottle with a long narrow neck, coming — " either 
as a hurried gush or not at all:'* for when, the 
glottis is once opened, and the stutterer feels that 
he has the power of utterance, he is glad to hurry 
out as many words as he can, before the interrup- 
tion again occurs. 

" Should the author's future experience enable 
nim to simplify or render more complete the views 
of the nature and cure of stuttering, which he has 
given above, so as to facilitate the cure in every 
variety of case, he will not fail to publish his 
remarks.'* 
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PART FOURTH. 

DOCTRINES OF IMPONPERABLE SUBSTANCE, UNDER 
THE HEADS OF H£AT» Z^IGHT^ ELECTRICITY^ AND 
3CAOMETISM. 

To minds beginfiing this stady, it may facilitate 
the conception of a substance ^vhich is without 
veightp dr at least is imponderable by human art, 
to consider th^ nature of air. UntU lately men 
were so imperfectly acquainted with the constitu* 
tion of jdie universe around them» that a person 
placed; in an apartment which offered, to view 
nothing but the naked walls, would have said that 
it was empty, meaning literally what he said ; and 
even when advertised that there was air in the 
r^m, he would still have been fiir from possessmg 
a clear notion that it was full ci aerial. fluid, just 
as an open vessel immersed in the sea is full of 
water, and that if air were not allowed to esci^ 
from it, even so small a body as an apple could not 
be pressed into it additionally by les^ force than 
fifty or sixty pounds. This truth however is now 
clearly understood^ and daily exemplified in easy 



S IBfPONOERABLE 

pneumatic experiments, and in no way more 
strikingly than by the recent adoption of the sub- 
stance of air in place of feathers^ as stuffing for 
beds and pillows. An air-tight bag or sack sus- 
pended by its lip in the air attd held quite open 
by a hoop near its mouth, would appear empty, 
but if then firmly closed above the hoop, it would 
have imprisoned its fill of air, just as a bag si- 
milarly managed und^r water would imprison its 
fill of water ; — and while in some respects the air 
would be softer and locally more yielding than 
feathers, its entire mass would be much less com- 
pressible. Now this air, when weighed by means 
which modem science has furnished, is found in 
a cubic foot to contain somewhat more than an 
ounce, and by strongly pressing it, or by causing it 
to combine chemically with some other substance, 
we can reduce it to very small bulk, either with 
the form of a liquid or of a solid: j)roving how^ 
small a quantity of ponderable matter under cer» 
tain circumstances will occupy great space. And 
common air is by no means the lightest known 
substance, which as pow^ully resists the intrusion 
of other bodies where it exists. Hydrogen gas, 
for instance, of the same space-occupying force^ 
weighs only a fourteenth part as much, and there- 
fore a few drachms of it confined in a bag or bed 
as broad as the foundation of a house, would 
support a house or a cask as large as a house 
fiUed with water to a height of thirty feet, the 
gas itself being then eighty thousand times lighter 
than its bulk of gold ; — and if the pre^ure on 
it were diminished, it would readily expand to 
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a volume a thousand times as great, and :vrGuld 
still be exerting a considerable outward elasticit];:^. 
Again, a mixture of oxygen and hydrogen gases, 
while uniting with explosive force to form watei> 
dilates for the time, even under the great pressut^e 
of the atmosphere, to a bulk about twenty times 
greater than the gases have while separate. 

The mind, pursuing the idea of such expansion 
or occupancy of apace by a small quantify of 
matter, and reflecting on the wonderful divisibility 
of matter or minuteness of the ultimate atoms, as 
explained in Part L of this work, might almost 
admit as a possible reality Newton's hypothetical 
illustration of that divisibility, m. that even 
one ounce of substance uniformly distributed 
over the vast space in which our solar system 
exists, might leave no quarter of an inch without 
its partide. Now a fluid in any d^ee approach^ 
iflig in rarity to this, although it might press, re* 
sist, communicate motion, and have other in* 
fluences in common with more ponderable matter, 
would have neither weight nor inertia discoverable 
by means at present known to man. While we 
are contemplating, then, or modifying the agencies 
e£ what causes the phenomena of heat and cold, 
of light and darkness, of electricily in its forms 
of thunder and lightning, of galvanism, or of 
magnetism, in a word, the most striking pheno* 
meiia of nature, we itiay be dealing with miUi:er 
of the subtile constitution now spoken of. And 
as in the terrestrial atmosphere there are at least 
two fliinds present, viz. oxygen and nitri^en,' of 
distinct nature,, so in a mare subtile ethev 

b3 
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.filling .all space, . there may be various : ingre- 
dients. 

. A majority of philosophers now incline to the 
.opinion here sketched,, that there is at least one 
such subtile fluid or ether occupying. completely 
the space of the universe, and tending to .uniform 
difiiision by reason of a strong mutual repulsion 
of its particles, which fluid pervades denser ma- 
terial substances : somewhat as water pervades a 
sponge or a mass of sand, being attracted in a pe- 
culiar way by each substance, and which fluid may 
or may not have weight and inertia. They believe 
farther that the phenomena above alluded to, and 
which human art can exhibit with highest beauty, 
or with awful intensity, are produced by the motion 
or other affections of that fluid, as the sensation 
of sound in all its varieties is. produced in the de^ 
licate structure of the ear by a' certain motion in 
the air, or in any other body, having commu- 
nication with the. ear; or as the sensation,; of 
jar is perceived by a hand held to one end of a 
log of wood when a blow is given to the. other 
end. Some, philosophers again suppose, that . the 
causes of the phenomena are material particles pro- 
jected through space, somewhat as sand might be 
scattered by an explosion, and which particles iire 
present only when the effects are apparent Some 
combine these two hypotheses. . And some hold 
aU the phenomena of heat to be mere motions in 
the common matter. of the bodies in which the 
heat exists; 

We mention these hypotheses, not with the view 
of entering upon a minute examination of their 
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respective merits, or even of asserting that any 
one of them is true, but merely to make the 
reader aware of the directions* which inquirers* 
minds have taken in pursuing the investigation. 
To understand the subjects as far as men yet 
usefully understand them, and sufficiently for a 
vast number of most useful purposes, it is only 
necessary, as in other departments of science, to 
classify important phenomena, so that their ,na^ 
ture and resemblapces may be clearly perceived. 
When in treating of the human mind we speak of 
its retaining an idea, or being depressed^ or being 
heated with passion^ &c., we speak of subjects 
sufficiently definite, although we may have' no 
hypothesis as to the intimate nature of the phe- 
nomena : — and in the same manner may we speak 
of the accumulation, radiation, or other affec- 
tions of heat and light. We know nothing of the 
cause even of gravity, the grandest influence in 
nature^ but we can calculate its effects with ad- 
mirable precision. 
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SECTION I..-ON HXAT. 



AKALTSIS or THE SBCTIOK. 

Heat (by some called daldric) may he strikingly referred to as thai 
^hich causes the difference hetween tmnterand summer^ hehoeen 
tropical gardens andpoiar toastes. Its inftrior degrees are denoted 
by the term cold. It cannot he exhibited apart^ nor proved to haee 
Hjoeight or inertia^ and the change of its quantity in bodies is most 
conveniently estimated by the concomitant change of their hulk; 
any substance so circumstanced as to aUaw this to be accurately 

. measured constituting a TumiMOMZ'nTi. 

Heat diffuses itself among neighbouring bodies until all have the > 
same temperature, that is, until all similarly affect a thermo' 
meter. It spreads partly through their structure, or by conduC" 
iiony as it is called, mth a sl&w progress, different Jbr eath sub' 
stance, and in Jktids mod^i^ by the motion of their partides f 
and it spreads partly also by being shot or radiated like li^Jrom 
one body to another, through transparent media or space, tmth 
readiness affected by the material and state of the giving and 
receiving surfaces. 

Heat, by entering bodies, expands them, and through a range 
tohich includes, as three successive stages, the farms of solid, 
LIQUID, and AiB or gas ; becoming thus in nature the grand 
antagonist and modifier of that attraction vohich holds 
corporeal particles together, and tvhich, if acting alone, 
voould reduce the whde material universe to one solid lifeless 
m&ss. Each particular substance, according to the nature, 
proximity, Sfc, of its ultimate particles, takes a certain quantity 
of heat (said to mark its capacity), to produce in it a given 
change of temperature or calorific tension ; undergoing expan^^ 
sion then in a degree proper to itself, and changing its form 
to liquid and air at poijds of temperature proper to itsdf;^^ 
the expansion in bodies generally increasing more rajddlytkan 
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. XDith inorease gfdisiancej ieing remarkably, greater therefore 
in liquids than in solids^ and in airs than in liquids ; and the 
rale ofexpansionj moreover^ being much quickened as the bodies 
apphHuh their points of changing form to liquid <yt a*r, to 
produce which changes, (i large quantity of hedt entert them, 
but in the new arrangem^ of pa^rti^ and increased i^lkme 
of ike masSy it becomes hidden from the thermometery and is 
therefore called latent heat. , For ^any given substance the 
Ganges of form happen so constantly at the same temperature^ 
tkat they mar k faed points in thcgeneral scfde of temperatwCf 
and. enable us to regulate and compare ihermometers.T'Heai by 

. expanding different substances unequally influences much their 
chemical combination, — Heat influences also the functions of 
"oegetable and animal li/e. 

The great source of heat is the sun; but dectricityf combustioHf 
and other chemipal actions, condensation, friction, and the 
actions of life, are also excitants.* 

** Heat may be strikingly referred to as that which 

causes the difference between winter and summer^ 

between the gardens of the equator and polar 

wastes.^* (See the Analysis, page 6.) 

In the winter of climates, where the temperature 

is for a time below the freezing point of water, 

the earth with its waters is bound up in snow and 

ice, the trees and shrubs are leafless, appearing 

everywhere like withered skeletons, countless 

* It is to be remarked here^ that many phenomena in which 
heat plays an important part, have been already described in 
preceding chapters of this work ; — ^for instance, the action of the 
steam-engine, the phenomena of winds, many &ct8 in meteoro- 
logy, Ac* iunder the head of Pneumatics. In a separate treatise 
on heat, these could not with propriety have been omitted ; but 
in a comprehensive system of science like the [present, they 
find their fit place, where, being surrounded] by subjects re- 
sembling them in more intricate particulars, they can be more 
tcmciaely aad d«arly explained. 



mulbtddei of fiving creaitiirie^ owing either to &e 
bitter cold or deficiency of food, are perishing in 
tJse SQOws^-Hiatiire seems dying or dead ; but what 
a efaapge wh^i spring returns, that is^ when heat 
returns! The earth is again uncovered and soft, 
the rivers flow, Ihe lakes are again liquid mirrors, 
the warm showers come to foster vegetation, 
whjich socm covers the ground with beauty and 
plenly. Man, lately inactive, is recalled to many 
duties ; his water-wheels are ever3rwhere at work, 
his boats are again on the canals and streams, his 
busy fleets of industiy are along the shores :« — 
winged life in new multitudes fiUs the sky, finny 
life similarly flits the waters, smd every spot of 
earth teems with vitality and joy. Many persons 
regard these changes of season as if they came 
like the successive positions of a turning wheel, 
of which one necessarUy brings the next ; not 
adverting that it is the single circumstance of 
change of temperature which does alL But if 
the colds of winter arrive too early, they unfail- 
ingly produce the wintry scene, and if warmth 
come before its time in spring, it expands the 
bud and the blossom, which a return of frost will 
surely destroyi A seed sown in an ice-house 
never awakens to life. 

Again, as regards climates, the earthy matters 
forming the exterior of our globe, and therefore 
entering into the composition of soils, are not 
different for different latitudes, — at the equator, 
for instance, and near the poles. That the aspect 
of nature then in the two situations exhibits a 
contrast more striking stiU than between suntmei' 
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aodfj^ter^ isoving merely to an ini^ti^itjr of 
temperature^ which is permanent Were* it not for 
jtbis^ in both situations the same vegetables m^fafc 
growy' and the same ^mals might find their befit- 
ting support But now, in the one» namely, where 
heat abounds^ we see the magnificent scene of 
tropiod fertility: the earth covered with luxu- 
riant vegetation in endless lovely variety, and 
even the Jiard rocks festooned with green, per* 
haps with the vine,' rich in its purjde clusters. 
In the midst of this scene, anifnal existence is 
equally d[>undant, and many of the species are 
of surpassing beauty — ^the plumage of the birds ii( 
as brilliant as the gayest flowers. The warm air 
is peifume from the spice-beds, the sky and clouds 
tf e often dyed in tints as bright as freshest rain- 
bow, and happy human inhabitants call the scene 
a paradise. Again, where heat is absent, we have 
the dreary spectacle of polar barrenness, namely, 
bare rock or mountain, instead of fert^e fidd; 
water every where hardened to solidity, no rain, 
nor cloud, nor dew, few motions but drifting snow ; 
vegetable life scarcely existing, and then only in 
sheltered places turned to the sun — ^and instead 
of the palms and other trees of India, whose 
single leaf is almost^ broad enough to cover a hut, 
•tiiere are bushes and trees, as the ftirze and 
£r, having what may be called hairs or bristles 
in the room of leaves. In the winter time, during 
which the sun is not seen for nearly six months, 
new horrors are added, viz. the darkness and 
dreadful silence, the cold benumbing all life, and 
eVim freezing merctuy— na sc^e into which man 
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mn^ypenetsM^ from htjppier elitoefc b^ whi^^M 
fsm Qviy leai^ bis proliecting ship aod fires for 
ddKSIrt periods, BB-he mi^t issue from a diving* 
Jiell at the bottom of the ocean. That in these 
now desolate regions, l)0at only is wanted to 
make them like the most favoured countries of 
ihe earthy is proved by tiiie recent discoveriea 
junder*grouiid of the remnant of animals and ve- 
getables formerly inhabiting them, which now c»n 
Mve only near the equator. While winter then, 
<^r the temporary absence of heat, may be Cfd}ed 
the sleep of nature, the more permanept torpor 
.about the poles appears like its death } and when 
we further reflept, that heat is the great agent in 
jiumberless important processes of chemistry and 
domestic eccmomy, and is the actuating principle 
of the mighty steam-engine which now performs 
lialf the work of society, how truly may heat, the 
subject pf our present chapter, be considered as 
the life or soul of the universe ! 

" Heat cannot be exhibited in a separate state, nor 
proved to have weight or inertia.^* (Read the 
Analysis, page 6.) 

Although heat is known to be abundant in th« 
,aun-bewQ, and to radiate around from a blazii^ 
tire, we cannot otherwise arrest or detect it in its 
progress tfaaii by allowing it to enter, and remain 
in some ponderable substance. We know hot iron 
or hot water or hot air, but nature nowhere pre- 
sents to us, &or has art 9ucceeded iu shewing us 
heat alone* 

If we balaoice a quantity of ice in a dpUf^^e 
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weigfi-beam, and then lekve it to melt^ the eqni* 
librium wiU not be in the slightest di^ee dis* 
toibed. ' Or if we subiditute ^r the iee, boiling 
water or redJiot iron, and leave this to cool^ 
iiiere wiii be no difibrtote in the result. If We 
|dace a pound of mercury in one Kale of the 
weigh-beam and a pound of water in the other» 
and then either heat or cool both through the 
same number of tfaermomistric degrees, although 
about thirty time^ more heat (ai^ will be explained 
below) enters or leav^ the bulky water tlian the 
dense mercury, they will still remain equivalent 
weights. 

Again, a sun-beam, with its intense light and 
heat, after being concentrated by a pk>werful lent 
dr mirror, may be tnade toi Ml upon the scale of 
a most delicate balance, but will produce no de- 
pi*esi^lig effect on the scale, as would fdlow if 
what conis^titutes the beam had the least forwwd 
motal inertia or momentum. 

Such are the facts which have led certain in- 
quirers to deny the material or separate existence 
of heat, and to h<Ad that it is merely motion of 
one Idlid among the material particles of bodies 
generally^ as sound is motion of another kind 
among the same particles. The following facts 
tbey consider to have the same bearing in liie ar« 
gtimfent. Heat can be produced witbcmt limit 
by j&iction, is — ^when savages li^t tbeir ftres by 
rubbitig together two piec^ of wood^when 
Count Rumford made great quantities <^ water 
boil, - by icausing a blunt borer to rub agaiiist a 
Aatt GFf nietal immersed in tiie water«~when Sk 
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Humphrey Davy quickly melted' pieces of ice by 
rubbing them against each other in a room cooled 
below the freezing point, &c. Intense heat is 
produced by the explosion of gunpowder or other 
fulminating mixture, yet it cannot be conceived 
to have existed in the small bulk of the powder- 
before the explosion. . Other inquirers, on the 
contrary, have deemed to be proofs of the sepa- 
rate materiality of heat such facts as pow follow : 
— ^that it is radiated through the most perfect 
vacuum which we can produce, and even more 
readily tiian through air ; — that it radiates in the 
same place in all directions, without impediment 
from the crossing rays ; — that it becomes instantly 
sensible on the condensation of* any material mass, 
as if then squeezed out from the mass ; as when 
by compressing air suddenly, we inflame a match 
immersed in it, or when, on reducing the bulk of 
iron by hammering, we render it very hot, the 
warming being greater at the first blow (which most 
changes the -bulk) than afterwards, — ^that when, 
on mixing bodies which combine so intims^tely as 
to occupy less space than when separate, there is 
a.disengagement of heat proportioned to the di- 
minution of volume : — ^that the laws of the 
spreading of heat in bodies do not resemble those 
of the spreading of sound, or of any other -mor^ 
tton known to us : — and that as to the great and 
sudden extrication of heat by friction or explo- 
sion, it may be as truly a rush of the fluid to the 
part, as in the case of an electrical accumulation 
or discharge. These facts, moreover, they think 
square iwell with their assumption that the pheno* 
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meoa of heat are produced by an exceedingly 
SBbtile fluid or ether petvading.the whole uni- 
verse, and softening or melting: or gasifying bo- 
dies, according to the quantity present in each, 
its own parts being strongly repulsive of each 
other, and seeking therefore widest and most 
equable difiusion. 

'< The charge qf its quantity in bodies is mast con^ 
vementbf estimated hy the concomitant change qf 
their bulk, any substance so circumstanced as to 
allow this to be accurate^ measured, constituting 

. a thermometer/* (Read the Analysis, page 6.) 

If we heat a wire it is lengthened ; if we heat 
water in a full vessel, a part runs over; if we heat air 
in a bladder, the bladder is distended : in a word, 
if we heat any substance, its volume increases in 
some proportion to the increase of temperature,— 
and we may measure the increase of volume. TTie 
reasons why, in such investigations, a con- 
trivance in which the expansion of mercury 
may be observed, viz* the mercurial thermo- 
meter, is commonly preferred to others, can 
only be fully understood by the mind which has 
considered the whole subject of heat ; and. we 
touch upon the matter here, only for the purpose 
of stating that a mercurial thermometer is a small 
btdb or bottle of glass filled with mercury, and 
having a long very narrow stalk or neck, in which 
the mercury rises when expanded by heat, or falls 
when heat is withdrawn ; the stalk between the 
points at which the mercury stands. in freezing 
and in boiling water, being divided into an ar« 
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bitnury number of d^rees» which divuiioiiiippcm- 
ingi on a scale applied to the stalky is continued 
fumilarly above and below these points. 

^ Heat diffuses itself among neighbouring bodies 
until all have acquired the same temperature ; that 
is to say^ until all will similar^ affect athermor' 
meter!^ (See the Analysis, page 6.) 

An iron bolt thrust in aniong burning coals 
soon becomes red-hot like them. If it be the heater 
of a tea-urn, it will, when afterwards placed 
amidst the water, part with its^ lately acquired 
heat to the water, until both are of the same tem- 
perature. Boiling-water, again, soon imparts heat 
to an ^^^ placed in it, and a feverish head yields 
its heat to a bladder of cold-water or ice. A hun- 
dred objects enclosed in the same apartment, if 
tested after a time by the thermometer, will all 
indicate the same temperature. 

" The inferior degrees qf heat are denoted by the 
term cold.** 

When the hand touches a body of higher tern* 
perature than itself, it receives heat according to 
the law now explained, and it experiences a pe-» 
culiar sensation ; when it todches a body of lower 
temperature than itself, it gives out heat for a 
like reason, and experiences another and very 
different sensation. The two are called the sen- 
sations of heat and of cold. Now heat and cold, 
considered as existing in the bodies themselves, 
although thus appearing opposites» are really de^ 
grees of the same object, temperature^ contrasted 
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b}r ttanie for ooiivehi^ace sale, in reference to the 
jiarticulilr temperature of the individuals speaking: 
6f> them~just as any two nearest mile-stones on a' 
road, although merely marking degrees of the 
same object, distance^ might receive from persons 
living between them the opposite names of east 
and west, or of north and south. It is to be re- 
marked, moreover, that the sensation of beat is 
producible also by a body colder than the hand,< 
provided it be less cold than a body touched im* 
mediately before, or than the usual temperature y 
and the sensation of cold is producible under the 
opposite circinnstances of touching a CQmpara«» 
tivdy warm body, but which is less warm than 
something touched just before. This explains the 
remarkable fact^hat the same body inay appear 
at the same time, and to tbe same person, both 
hot and cold. If a person transfer one hand to: 
common spring-water &om touching ice, that 
hand will deem the water very wariA ; while the 
other hand, transferred to it from a warm bath, 
would deem it very cold. For a like reason, a^ 
person firoln India^ arriving in England in the^ 
q>ring, deems the air cold, while the inhabitants 
of the countr3r are diminishing their clothing be- 
cause the heat to them is becoming oppressive. 
Such fiicts shew how necessary it was for men to 
discover more correct thermometer than their bo« 
diiy sensations^ 

^ Spreading parilt/ through their structure, or ^ 
conduction^ as it is cqlkd^ with a progress proper' 
' to each substance.** (Read the Analysis, page &.) 
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If oBe end <Kf a rod of iron vbe held in the fire^ 
a hand grasping the other end soon feels the heat 
coming through it. Throng a similar rod of 
ghMS^ the transmission is much slower, and through 
one of wood it is slower stilL The hand would 
be burned by the iron before it felt warmth in the 
wood, although the inner end were blazing. 

On the fact that different substances are p^- 
meable to heat, or have the property of conduct* 
ing it, in different degrees, depend many inte- 
resting phenomena in nature and in the arts : 
hence it was important to ascertain the degrees 
exactly, and to classify the substances. Various 
methods for tiiis purpose have been adopted. For 
solids— similar rods of the difierent substances, 
aft^ being thinly coated with wax, have been 
placed with their inferior extremities in hot oil, 
and then the comparative distances, to which in 
a given time the wax was melted, furnished one 
set.of indications of the comparative conducting 
powers : — or, equal lengllis of the different bare 
nods being left above the oil, and a small quantity 
of explosive powder being placed on die top of 
each, the comparative intervals of time elapsing 
before the explosions gave another kind of mea- 
sure : — or, equal balls of different substances, with 
a central cavity in each to receive a thermometer, 
being heated to the same degree and then sus- 
pended in the air to cool until the thermometer 
fell to a given point, gave still another list. A 
modification of the last method was adopted by 
Count Rumford < to ascertain the rektive degrees 
ioLwhidi furs, feathers, . and other materials used 
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for clothing, oonduet heat, or which is th^ same 
thing, resist its passage* He covered the ball 
2Qid stem of a thermometer with a certain thick- 
ness of the substance to be tried, by placing the 
thermometer in a larger bulb and stem of glass, 
and then filling the interval between them with 
the substance ; and after heating thid apparatus to 
a certain degree, by dipping it in Kquid of the 
desiied temperature, he surrounded it by ice^ 
lind marked the comparative times required to 
c6ol the thermometer a certain number of de- 
grees. The figures following the names of some 
of the substances in the subjoined list, miark thi 
Bdmber of seconds requii^ed ifespectively for cool^ 
ing it 60\ 

These e:x|»eriments have shewn as a general rule^ 
that density in a body favours the passage of heat 
through it The best cohductors are the metals^ 
and then follow in succession diamond, glass^ 
Btones, earths, woods, &c., as here noted : 

Metals — silver, copper, gold, iron, lead. 

Diaimotid. 

Glass. 

Hard stonesw 

Porous e^uthd. 

Woods. 

Fats or thick oils. 

Snow. 

Aif 576 

Sewing Mlk 9^17 

Wdod ashes 937 

Chatcoal 987 

FineUot 1,Q9« 

■ c 



18 HEAT. 

Cotton 1,046 

Lampblack* » 1»117 

Wool 1,118 

Raw silk 1,284 

Beavers' fur l,29f> 

Eiderdown 1,305 

Hares' fur 1,315 

Air appears near the middle of the preceding 
list, but if its particles are not allowed to move 
about among themselves, so as to carry heat from 
one part to another, it conducts (in the manner of 
solids) so slowly that Count Rumford doubted 
whether it conducted at all. It is probably the 
worst conductor known, that is, the substance 
which when at rest impedes the passage of heat 
the most. To this fact seems to be owing in a 
considerable degree the remarkable non^conduct- 
ing quality of porous or spongy substances, as 
feathers, loose filamentous matter, powders, &c., 
which have much air in their structure, often ad^ 
herejtit with a force of attraction which immersion 
in water, or even being placed in the vacuum of an 
air-pump, is insufficient to overcome. 

While contemplating the facts recorded in the 
above table, one cannot but reflect how* admirably 
adapted to their purposes the substances are 
which nature has provided as clothing for the in- 
ferior animals ; — and which man afterwards ac- 
commodates with such curious art to his peculiar 
wants. Animals required to be protected against 
the chills of night and the biting blasts of winter ; 
and some of them which dwell among eternal ice, 
could not have lived at all, but for a garment 
which might shut up within it nearly all the heat 
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which their vital functions produced. Now any 
covering of a metallic or earthy or woody nature, 
would have been far from sufficing ; but out of a 
wondrous chemical union of carbon with the soft 
ingredients of the atmosphere, those beautiful 
textures are produced cdled fur and feather, so 
greatly adorning while they completely protect 
the wearers: — ^textures, moreover, which grow 
from the bodies of the animals, in the exact 
quantity that suits the climate and season, and 
which are reproduced when by any accident they 
are partially destroyed. In warm climates the 
hairy coat of quadrupeds is comparatively short 
and thin ; as in the elephant, the monkey, the 
tropical sheep, &c. It is seen to thicken with 
increasing latitude, furnishing the soft and abun- 
dant fleeces of the temperate zones ; and towards 
the poles it is externally shaggy and coarse, as in 
liie arctic bear. In amphibious animals, which 
have to resist the cold of water as well as of air, 
the fur grows particularly defensive, as in the otter 
and beaver. Birds, from having very warm blood, 
required plenteous clothing, but reqtured also to 
have a smooth surface, that they might pass easily 
through the air : — ^both objects are secured by the 
beautiful structure of feathers, — so beautiful and 
wonderful liiat writers on natural theology have 
often particularized it as one c£ the most striking 
exemplifications of creative wisdom. Feathers, 
like fur, appear in kind and quantity suited to par*' 
ticular dimates and seasons. The birds of cold 
regions have covering almost as bulky as their 
bodies, and if it be warm in those of them which 

c 8 
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live only in air, in the water-fowl it is warmer 
9tiUi These last have t^e iqterstices of the or^ 
<UQary plumfige filled up by the still more delict 
structure called down, particulariy on the breast^ 
which in swimmiqg first meets and divides the 
«old wave. There are animals with warip blood 
which yet live very ccmstantly immersed in water, 
^ the whale^ seal, walrus, &c* Now neither hair 
nor feathers^ however oiled, would have been a fit 
covering for them ; but kind nature has prepared 
im equal protection in the vast mass of fat or thick 
oil which surrounds their bodies — substances which 
9re scarce^ less useful to xaao than the fura asid 
fetkthers of land animals. 

MThile peaking oi dothing, ife may remark^ 
that the bark of trees is also a structure very 
«lowly penneable to heat» and securing therefore 
the temperature necessary to vegetable life. 

And while we admire what nature h|u»<diusdom 
for aamals aod vegetables, let us not overlook J/udi 
aeareely l«ss revutrk^blc^ provision of ice aad snowi 
^ winter clothing &>r the lakes and rivers, for ouf 
^flda aind gardens^ le^ as a protection to water 
and its inhabitants, was considered in vol. i. in the 
fsiplanaition of why, although solid, it swims on 
tfrat^n We have now to remark that snow, which 
became^ a^ a purct white fleece to the earth» i^^ a 
stTuebire which residts the passage of heat nearly 
^ JiW<i}i as feathers. 1%^ of course, can defiand 
only fircHn colds below SIS'" or fii^ freezing point i 
Imt it doe£| so most e^ctualiy, preserving the 
rooty a»d seeds and tender plaoi^ during tfie se* 
yetity <^ wiiiis^ When tb«,@reei) b}ade of w^t 
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ftnd the beautifnl snoW'^rop fiowei' uppear in 
npriag rising through the iflelting siK)^^ ^y 
have recently owed ^n important shelter to tbeif 
wintry mantle. Under deep snow, while the 
tiiemtometer in the air may be far below zero, 
&e temperature of the ground rarely remMi^id 
below the freesdng point. Now this temperature, 
to persom^ some time accustomed to it, is mild 
and even agreeable. It is much higher than what 
often prevails for long periods in the atmosphere 
oi the centre and north of Emaj^. The Lap* 
lander, who during his long winter lives under 
ground, is glad to have additionally overhead a 
tiuck covering oi snow. Among the hills of the 
vest and north of Britain, during the storms of 
winter, a bc%ise or covering of snow frequently 
preserves the lives of travellers, and even of 
whole flocks of sheep, when the keen north wind 
eBtehix^ them unprotected, would soon stretch 
Hicm lifeless along the earth. 

It is because earth conducts heat slowly,^ Miat 
tiie most intense frosts penetrate but a ^w inched 
iiito it, and that the temperature of the ground a 
few feet below its surface is nearly ibe same all 
the world over* In many mines, even although 
open to the air, the thermometer does not vdry 
one degree in a twelvem<»ith» Thus also water in 
pipes two or three feet und^ ground does not 
freeze, although it may be frozen in alt th^e 
smaller branches exposed above. Hence, again, 
springs never freeze, and therefore beeome i^ 
markable features* in a snow-coVered country. 
The Hviug water i& seen issuii^g fh»n^ the^ bMrete 
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of the earth, and running often a cotisiderable 
way through fringes of green, before the gripe of 
the frost arrests it; while around it, as is well 
known to the sportsman, the snipes and wild duck 
and other birds are wont to congregate. A spring 
in a frozen pond or lake may cause the ice to be so 
thin over the part where ' it issues, that sL skaiter 
arriving there will break through and be destroy-* 
ed. The same spring-water which appears warm 
in winter, is deemed cold in summer, because^ 
although always of the same heat, it is in summer 
surrounded by warmer atmosphere and objects^ 
In proportion as buildings are massive, they ac- 
quire more of those qualities, which have now 
been noticed, of our mother earth. Many of the 
gothic halls and cathedrals are cool in summer 
and warm in winter — as are also old-fashioned 
houses or castles with thick walls and deep ceU 
lars. Natural caves in the mountains or sea^ 
shores furnish other examples of a similar kind^ 

Wheh in the arts it is desired to prevent the 
passage of heat out of or into any body or si- 
tuation, a screen or covering of a slow conduct- 
ing substance is employed. Thus, to prevent the 
heat of a smelting or other furnace from being 
wasted, it is lined with fire-bricks, or is covered 
with clay and sand, or sometimes with ponedered 
charcoal. A furnace so guarded may be touched 
by liie hand, even while containing within it 
melted gold. To prevent the freezing of water 
in pipes during the winter, by which occur- 
rence the pipes would be burst, it is common to 
jcover them with straw-ropes, or coarse flannel^ 
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or to enclose them in a larger outer pipe, with dry 
charcoal, or sawdust, or chaff, filling up the in- 
terval between. If a pipe, on the contrary, be 
for the conveyance of steam or other warm fluid, 
the heat is retained, and therefore saved by the 
very same means. Ice-houses are generally made 
with double walls, between which dry straw placed, 
Or sawdust, or air, prevents the passage of heat. 
Pails for carrying ice in summer, or intended to 
serve as wine-coolers, are made on the same prin- 
ciple — viz. double vessels, with air or charcoal, 
illing the interval between them. A flannel co- 
hering keeps a man warm in winter — it is also the 
best means of keeping ice from melting in sum- 
mer. Urns for hot water, tea-pots, coffee-pots, &c. 
ate made with wooden or ivory handles, because, 
if metal were used, it would conduct the heat so 
readily that the hand could not bear to touch 
them. 

It is because glass and earthenware are brittle, 
Itnd do not allow ready passage to heat, that ves- 
sels made of them are so frequently broken by 
sudden change of temperature. On pouring boil- 
ing water into such a vessel, the internal part is 
much heated and expanded (as will be explained 
more fully in a subsequent page) before the ex- 
ternal part has felt the influence, and this is hence 
riven or cracked by its connection with the in- 
ternaL A chimney mirror is often broken by 
a lamp or candle placed on the marble shelf too 
near it. The glass cylinder of an electrical ma- 
chine will sometimes be broken by placing it near 
ihe fire, so that one ^de is heated while the otbeji: 
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Adsa t^eiy^ a qold cufi^nt of fur ^pproacbing^ 
the fire from a. door or windpw, A fed-hot rod 
Qf i^Q drawn aloqg a. pane of gla^ wUl dividf^ it 
almost like a diam^d knife. £vea ca8t-kan« as 
backs of grates, iron pQt9» 4^c.« although con- 
ducting readily> is (^n, owing to its brittlenes^ 
^racked by unequal heating or cooling, as from 
pouring water on it when hot Pouring cold wat^ 
into a heated gl^ss will produce a similar eflfect* 
Hence glass vessels intwded to be exposed ta 
strong heats and sudden changes, as retorts for 
distillation, flasks for boiling liquids, 3ce., are 
made very thin, that the heat may pervs^ them 
almost instantly and with impunity. 

There is a toy called a Prince Ruperts Dropr 
which well illustrates our present subject. It is a, 
lump of glass let fall while fused into water, an4t 
thereby suddenly cooied aud spli^iied. oq the^ 
outside before the internal part is changed ; ^hei^ 
9S this at last hardens abd would contract, it is 
kept extended by the arch of external crust, to 
which it coheres. Now if a porti<^ of the nepki 
of the lun^ be broken o£^ or if other violence 
be done, which jars its substaoce, the c(k 
hesion is destroyed, and the whole crumbles tq 
dust witib a kind of explosion. Any glass cooled 
suddenly when first made remaLos very brittle 
for the reason now stated. What is called the 
Bologna jar is a very thick sn^all bottle,, thua 
prepared, which bursts by a grain of sand falling 
into it The process of annealing, to render glass- 
ware more tough and durable^ is merely the sdlaw-^ 
mg it to cod very slowly by pl^cwg it m a^ qvWi 
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i*l»trefhe't8mpehitiiw U>ai^sed tp Fafi'graidiiallf.^ 
The tranpering of metals by ^dden oooling serins 
to be a pfocess having sbme rdation to that of 
lendering ^as$ hard and brittle^. 

It ia die di£Sbrence of conducting piower in bo^ 
dies which is the cause of a very common ^rror 
noiade by persons in estimating the tempeiatufer 
e£ bodies by the touch. In a room without a fiw 
aH tibe articles of furniture sooa acquite the same 
temperature ; but if in winter, a person with bare 
feet were to step from the carpet to the woode»^ 
floor, firom this to the hearth-stone, and £mn the 
stone to the steel fender, his seiiisation would deem 
each of these in succession colder than the pr&« 
ceding. Now the truth being that all had the 
same temperature, oiily a temperature inferior to 
&at of the Hving body, the best conductor^ when 
in contact with tlie body, would carry off heat the 
fiuBtisst, and would therefore be deemed the coldest. 
Were a similar experiment made in a hot-house, of 
in India, while the temperature of evary HAng 
around were 98% vix. thaA of the fiviug body, then 
mot the subtest difference would be felt in any» 
of the substances : or lastly, were the experiment 
made in a room where by any means the general 
temperature were raised ccmsiderably above blbod- 
heat, then the carpet would be deemed considerablf 
tibe cc»kst instead of the warmest^ and the other 
things would a^ear hotter in the same order m 
which they a|^ared colder in the winteip room^ 
Were a bunch of wool and a piece of iron ex^ 
posed to the severest cold of Siberia, or of a» 
artificial fiigorific mixture^ a man ^li^ toudb^ 
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the flrdt with impunity (it would merely be felt' 
as rather cold) ; but if he grasped the second^ 
his hand would be frost-bitten and possibly des* 
troyed : were the two substances^ on the contrary, 
transferred to an oven, and heated as far as the 
wodl would bear, he might again touch the wool 
with impunity ^(it would then be felt as a little 
hot), but the iron would bum his flesh. The 
author has entered a room where there was no fire, 
but where the temperature from hot air admitted 
was sufficiently high to boil the fish, &c. of wluch 
he afterwards partook at dinner ; and he breathed 
Ihe air with very little uneasiness. He could bear 
to touch woollen cloth in this room, but no body 
more scdid. 

The foregoing considerations make manifest 
the error of supposing that there is a positive 
warmth in the materials of clothing. The tliick 
cloak which guards a Spaniard against the cold of 
winter, is also in summer used by him as protec- 
tion against the direct rays of the sun: — and 
while in England flannel is our warmest article of 
dress, yet we cannot more efiectually preserve ice 
than by wrapping the vessel containing it in many 
Iblds of softest flannel. 

. In every case where a substance of different 
temperature from the livingbody touches it, a thin 
surface of the substance immediately shares the 
heat of the bodily part touched — ^the hand ge- 
nerally ; and while in a good Conductor, the beat 
so received quickly passes inwards, or away from 
the surface, leaving this in a state to absorb more, 
in the tardy conductor the heat first received. 
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tames at tlie surfkce, which consequendy soon 
Requires nearly the same temperature as the handy 
and therefore, however cold the interior of the 
substance may be, it does not cause the sensation 
of cold. The hand on a good conductor has to 
warm it deeply, a slow conductor it warms only 
superficially. The following cases farther illustrate 
the same principle. If the ends of an iron poker, 
and of a piece of wood of the same size, bie 
wrapped in paper and then thrust into a fire^ the 
paper on the wood will b^n to burn imme- 
diately, while that on the metal will long resist : 
--or if pieces of paper be laid on a wooden 
plank and on a plate of steel, and then a burning 
coal be placed on each, the paper on the wood 
will begin to burn long before that on the plate. 
The explanation is, that the paper in contact with 
the good conductor loses to this so rapidly the 
heat received from the coal, that it remains at 
too low a temperature to inflame, and will even 
cool to blackness the touching part of the coal ; 
while on the tardy conductor the paper becomes 
almost immediately as hot as the coal. It is be- 
cause water exposed to the air cannot be heated 
beyond 212"^, that it may be made to boil in an 
egg-shell or a vessel made of paper, held over a 
lamp, without the containing substance being 
destroyed ; but as soon as it is dried up, Ihe 
paper will bum and the shell will be calcined, 
^ the solder of a common tinned kettle melts 
under the same circumstances. The reason why 
the hand judges a cold liquid to be so much 
colder JJian a solid of the same temperature is» 



tiiat flirom tbe mi^bili^ of the UqvM pgalAelm^ 
among tbemselves, those in cxmtact with the band 
are constantly changing. The impression pnv 
duced on the hand by very cold aaereury is 
almost inMifierable, because mercury is bo^ » 
ready conductor and a liquid* Againi if a finger 
held motionless in water feel cold, it wifi feel- 
cdider still when moved about } and a man in 
tibe air of a calm frosty morning doe&rnot ex* 
perieoce a sensatiim nearly so sharp as if with 
the same temperature there be wind* A fingei 
held up in the wind discovers the direction in 
which the wind blows by the greater cold felt <» 
o»e side, the effect being still more renutfkable, 
if the finger is wetted. If a person in a 
room with a thermometer, were with a hn or 
bellows to blow the nk against it, he would not 
thereby lower it, because it had already the same 
temperature as the air, yet the air blown against 
his own body would appear colder than when 
at rest; because^ bMxg colder than his body, 
the motion would supply heat-absorbing par«^ 
tiolea more quickly. In hike manner, if a iaa 
oc bellows were used against a therrafometer 
hanging in a Aimace or hot-bouse,, the tfaeitoOi^ 
seter would snfSbr no chai^, but the aiir moved 
by them against a p^son would^ be i^stressiogly 
hot, like the Uasting sirocco of tbeiaandy deserta 
of A&iea. If fcwo sinular pieces of ice be 
placed in a room^ s(»newbat wsmner than ice^ 
one of Aem may be made to melt much sooam 
than the other, by l^wing^oa itwith abellowi* 
The reaaoi^ may. hne be mad^toanqaorehmdiid 
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why a person suflfeiing what is called a cM in tiie 
heady or catarrh from the eyes, aisd nose» expe* 
oences so much more relief on applying to the 
fiice a handkerchief of linen or camhric than one 
of cotton : — ^it is, that the former by cmdtwting 
readUy absorbs the beat and dimimshes the in« 
flammation, while the latter, by lefusing to give 
passage to the heat, increases the temperature 
and the distress. Popular prejudice has held that 
there was a poiscm in cOiUm* 

** Heat spreading in Jliuds ch^fbf by the motion qf 
their particles.** (Read the Analysis, page 6.) 

Owing to the mobtUty among themselves of 
fluid partideSf heat entering a fluid anywherd 
below the surfacen by dilating and rendering spe* 
eificaUy lighter the portii»n beated« allows the 
d^raer ^4iid aroimd to siak down and ^ce up the 
rarer ; and the continued currents so established# 
diffiise theheat through tiie maasaiuchmore^uickly 
than beat spreads by conduction in any soUd. 

Count Rumford's experiments led him at first 
ti^ conelude that liquidf, but for this carifying 
process^ by the pairtioles changing their place^ 
wc»re absolutely impassable to heat. A piece of 
ice: will He.very long a* the bottom of water which 
is made to boil at the top by the contact of any 
hot body ; and when it at last meks. Count R. 
beliete4 that it did so entirely from the heat 
which passed downwards through the sides of the 
MMel coptaning the water. But an ingenipus ex- 
pMteMfit by Br. Mufmy. decided the ^uestioii 
daflfemntLy* He a»de.a veapelof ]ce» whidi of 
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course could not carry downwards any heaf 
greater than 32% as ice melts at that degree; 
mid having put into it a quantity of oil at S^f 
the bulb of a thermometer being a quarter of an 
inch under the surface of the oil, he placed a cup 
of boiling water in contact with the surface of the 
oil : — ^in a minute and a-half the thermometer rose 
nearly a degree, and in seven minutes it rose five 
degrees, beyond which it did not go. The heat 
then must have passed doMrnwards through the 
liquid, proving a conducting power ; — unless in- 
deed it passed by radiation, as explained in a 
subsequent page. 

The intemaJ currents or circulation produced 
by heat in fluid masses, and of which there are so 
many important instances in nature, were more 
fitly explained in the chapter on hydrostatics and 
pneumatics; we shall here therefore allude to them 
very shortly. 

Perhaps the best experimental illustration of 
the subject is the placing a tall glass jar, filled 
with water in which small pieces of amber are 
floating to shew its movements, first in a warm 
bath, and then in one which is cold. In the first 
case, the water and amber near the outside of the 
jar where they are heated, will exhibit a rapid tip- 
ward current, while in the centre of the jar they 
will form an opposite or downward current. By 
afterwards placing the jar in a cold bath, the di* 
rection of the currents will be reversed. 

It is, as stated in the former volume, this heat-^ 
ing and dilatation of the fluid air over a tropical 
l&Land while acted upon during the middle of the 
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day by the powerful rays of the sun, that allows 
the colder and heavier air from the face of the 
ocean around to press inwards upon it and forces 
it upwards in the atmosphere — the .cold current 
forming the delightful sea-breeze of the climate. 
And it is the general heating of the air over the 
whole equatorial belt of the earth, which, render* 
ing it specifically lighter than the air nearer the 
poles, allows this to assume the form of cool trade 
winds, constantly blowing towards the surfs path, 
and pressing upwards the hot air, which then 
spreads away on the top of the atmosphere to- 
wards the poles, to mitigate the severity of the 
northern and southern cold. In the waterj^ ocean 
also there is a circulatory motion of the same 
kind, although less in degree, tending to distribute 
heat and equalize temperature, and contributing 
to produce some of the great sea currents known 
to mariners. 

The vertical currents produced by heat, in 
the ocean and in great masses of water gene* 
rally, preserve in and over them a comparatively 
ftniform temperate freshness, while the rocks 
and soil around may be either parched imder 
a burning sun, or bound up in cold many de- 
grees below freezing. A keen frost chills, and 
soon hardens in its icy grasp the surface of the 
ground ; but of water similarly exposed the part 
first cooled descends to the bottom by its increased 
density, and forces up a warmer water to take its 
place ; this in its turn is cooled and descends^ 
and a continued circulation is established, so that 
the surface cannot become ice until the whole 
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nmi$ of #l;^tever depth, h»s been cool^ d<mh 
to its greatest density. Tb^ ver^ <lec|) sea hence 
is not frozen in the colddst qUmates^ and in tem'» 
perate climaites the severest winter does notfreezo 
even H deep lake. During this int^tine inove^ 
ment in the water^ that which asceinds to the 
surface U> hb cooled, by losirig one degree of its 
heat, warms nearly 500 timesit^ bulk of air one de«^ 
gree, and thus tempers remarkably the air posing 
over it Hence places in thfe vicinity of the sba 
and of lakes are warmer in winter than plsioes 
further inland, although ne^uret the eqiMtor. £ng«i 
land is much warmer in winter than cenifal Ger.^ 
many, which lies sc^th of £ngland, atid the coorts 
of Scotland and the north of Irdand are warm^t 
than London :-H9ttaw never lies long upon these 
coasts. As continental or inland counties have 
thus in winter an extreme of cold, so have they 
in summer an extreme of heat. Water admits tbd 
rays of the sun, and absorbs the hioat into the 
whole thickness of its mass (it win be exphdned 
aifterwards that solar heat penetrates transparent 
fluids as light does}> while earth retains all near 
its surface, and is therefore heated to excess* 

The ventilation of onr dweUings and halls of 
assembly (as ei^pkined in vol, i.) is owing to tfa^ 
motion pr odttced by the changed specific gravity 
of air when heated. The air which is within tl» 
house beboibesj warmer than the extern^ air,^ and 
this then presses in at every opening or crevice to 
displace it. The ventilation of the. per&on by the 
slow parage of air through tbe textiire of our 
clolfbingis a phem^menon of the same kind^ and 
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ttsi^ker clothing acts chiefly by <finiiHfi^ing the 
j^assage. H^nce an oiled-silk or other air-tight 
ctFrering laid on a- bed, has greater influence in 
pr^erving warmth tiian an additional blanket or 
iBor^* From the part of bed-clothes immediately 
ovifT the person there is a constant <Hitward oozing 
df warm air, and there is an oozing inward cf 
coH air in lower situations around* In many per- 
sdns the circulation of the blood is so feeble that 
ih winter, they have great difficulty in keeping 
flieirieet warm, even in bed, unliess with the as- 
sistance of a bottle of hot water or some such 
means, and in consequence thiey often ;mss slee|p- 
less nights, and suffer iii tlieir general health. At 
the suggestion of the author, in such cases, a 
long flexible tube has been used, — as of spiral wire 
covered with leather or oiled silk, by which per- ' 
sons can send down to their lower extremities their 
hot breath, and thus supply to them effectually 
a natural animal warmth* as in a cold day they 
warm their hands by blowing upoti them through 
their gloves. 

The power of fluids to diffuse heat being due 
Ihus to iSieir power of canying^ and not of eon^ 
ductif^ it, the consequence Should foDow, that 
any circumstance which impedes the internal mo- 
tion of the fluid particles, should diminish ^ 
^ilbsfng power* Accordingly we find, that fluids 
in genersd transfer heat less readily in proportion 
as they are more viscid* Water, for instance, 
transfers less quickly than spirits ; oil than 
water; molasses or syrup than oil: an^ water 
thickened by starch dissolved in it, cmt which has"^ 

p 
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its internal motion impeded by feathers or thread 
immersed in it, less quickly than where it is pure 
and at liberty. Cooling being merely a motion the 
reverse of heating, it is influenced by the same 
law. Hence the reason why soups, pies, pud* 
dingSf and all semifluid masses, retain their heat 
so long — so much longer than equal bulks of mere 
fluid. The same law affords explanation of the 
facts, that very porous masses and powders, as 
charcoal, metal filings, sawdust, sand, &c. con-* 
duct heat Inore slowly than denser masses, — ^their 
interstices being filled with air, which scarcely 
conducts heat, and which, by the structure of the 
substance, has no freedom of motion or circular 
tion by which it might^carrT/ the heat 

" Heat spreads alsoy partly J hy being shot or radiated 
like lighty Jrom one body to another, through 
transparent media or spacer with readiness affect- 
ed by the material and the state of the giving 
and receiving surfaces^ (Read the Analysis, 
page 6.) 

If a heated ball of metal be suspended in the 
air, a hand brought in any direction near to it 
will experience the sensation of heat : and beneath 
it the sensation will be as strong as on the side, 
although the heat has to shoot down through an 
opposing current of air approaching the heated 
ball, to rise from it, as explained in a preceding 
section. A delicate thermometer substituted for 
the hand will equally detect the spreading heat, 
and if held at different distances, will prove it to 
diminish in the same ratio as light diminishes in 
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wpreBdxng irdm any luminous centre, viz. to be 
only a fourth part as intense at a double distance, 
und in a corresponding proportion for other 
distances. If the heated body be enclosed in a 
vacuum, a thermometer placed near it will still 
be affected in the saioe manner* If a screen be 
interposed between the body and the thermometer, 
the latter will not be affected at all, proving the 
heat to spread in straight lines. Heat when difv 
fusing itself in this way, to distinguish it from 
^eat passing by contact or communication, as de- 
iscribed in the last section, is called radiant heat 
or caloric ; thai: is to say, spreading in rays all 
round its source as light spreads. 

Radiant heat resembles light yet Iq other res^ 
pects. It as rapidly permeates certain transparent 
substances, and ijts course suffers in them a de- 
gree of the bending, termed refraction by op- 
ticians. It is reflected from many kinds of polished 
.surfaces, ju$t as light is reflected from a common 
mirror ; and many such surfaces directed to one 
jcentre (as when Archimedes made the sun his 
jBS^stant to bum the Roman ships) of a single 
concave surface, having its own centre or focus, 
Jwill concentrate heat just as light. Its motion 
in the sun-beam is so rapid, as for any dist^ce ajt 
which men can try the experiment tp appear iur 
stantaneous ; and the rays of heat from hot iron or 
burning charcoal concentrated at great distances 
by suitable mirrors, affect a thermometer as quickly 
as the heat of the setting sun reflected from a dis- 
tant window. Although light and heat are united 
in the sun'a ray, they are still separable by oujr 

D Q 
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glass prisms or lenses ; and the focus of heat 
behind a burning glass is not precisely the focud 
of light. Heat in radiating through air does not 
warm it» and is not affected by winds or any other 
motion of the air. — Hiese resemblances in the 
phenomena o£ light and heat have by some in- 
quirers been held to prove that the two classes of 
i^pearsmces are only different modifications of 
action in the same subtle substance or ether. 

The diffusion of heat by radiation, as it takes 
place in an instant to any distance, and begins 
whenever there is any inequality of temperature 
between bodies exposed to each other, would 
produce instant balance of temperature through- 
out nature, but that heat leaves and enters bodies 
with readiness depending on their internal con- 
ducting powers, and on the condition of their 
surfaces. A black stone- ware teapot, for instance, 
will radiate away 100 degrees of its heat 'in the 
same time that a pot of polished metal will radiate 
12 degrees. 

Professor Leslie was the first to see the impor- 
tance of investigating this subject, and he had 
the merit of contriving well-adapted means, and 
o£ detecting many of the important facts. As 
commcm thermometers are not sufficiently delicate 
to determine very sudden changers of temperature, 
where the influence is so slight as in many cases 
o£ radiant heat, he used the beautiful dijg^ential 
thermometer contrived by himself, in conjunctioa 
with concave mirrors to concentrate the heat and 
accumulate its energy. Then taking as his heated 
body a cubical tin vessel filled with boiling water. 
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and covering it successively with plates or layers 
of different substances, and with different co- 
lours ; and exposing the thermometer to it under 
all the changes, he noted the number of degrees 
wMch the thermometer rose — as se^i in the table 
which here follows, and thus ascertained the ra- . 
diating power of each sort of covering. 

Lampblack 100? 

Writing paper ..«..« «.. 98 

Crown glass 90 

Ice 87 

Isinglass.^ « o.« 75 

Tarnished lead 45 

Clean lead 19 

Iron polished 15 

Tin plate ••... 12 

Gold, silver, and copper 12 

He next reversed the experiments by using his 
hot-water vessel always in the same state, and 
covering the thermometer bulb with the different 
substances and colours, and thus he ascertained 
that their comparative absorbing i^OYf^t^ were very 
yearly proportioned to their radiating powers: 
kunp-black, for instance, absorbed or was heated 
100*", while the polished metals absorbed, or were 
heated only 12% and so for the others^ And, 
Ustly, the absorbing powers being likewise an in- 
dication of the opposite or reflecting powers (for 
if a body absorb any given proportion of the heat 
which fsJls on it, it must reflect the reipainder)^ 
be had at the same time ascertained the reflective 
or mirror powers of the bodies^ and therefore all 
the important points respecting radiant heat in 
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its relation to the substances between which it 
passes. 

It seems paradoxical that, by putting a clothing 
of a thin cotton or woollen fabric upon the po-> 
lished tin vessel, the heat should be received by 
it or dissipated from it much sooner than if the 
vessel were naked, but such is the fact And metal 
with a scratched or roughened surface radiates or 
receives much more rapidly than if polished. 

The property of absorbing heat depends much 
upon the colour of the substance, and as a general 
rule the dark colours, viz. those which absorb 
most light, absorb also most heat. Dr. Franklin 
laid pieces of cloth of different colours on snow, 
and during a given period in which the sun was 
shining on them, he noted this in the different depths 
to which, by melting the snow which was under 
them, they sunk. Hence appears the importance of* 
having a white dress in summer, that by it, with 
the sun's light, the heat also may be repelled ; 
and a white dress in winter is good, because it 
radiates little. Polar animals have generally white 
furs. White horses are both less heated in the 
sun, and less chilled in winter, than those of 
darker hues. 

The rate of cooling in bodies must be influ- 
enced by all the particulars noted above, viz* sub- 
stancc) surface, colour, and by the excess of heat 
in the cooling body as compared with those 
around it% 

The concentrating apparatus used for expe- 
riments on the radiation of heat consists of two 
concave tin mirrors^ here repiresented at a and bf 
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SO formed and placed in relation . to each 
other, that all the rays of light or heat 
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issuing from the focus of one, as at tr, shall be 
collected in the focus of the other, d. A stand 
under one focus e is intended to support the body 
giving out or receiving heat, and a stand under 
the other d is meant to support the thermometer. 
For farther explanation of the action of such mir- 
rors, we may refer to what was said- of the con- 
centration of sound in the section mi AcousticSj or 
to what follows in the section on Optics^ on the 
concentration of light The general rationale of 
such facts is, that heat, light, sound, an elastic 
ball, &c. reflected from any point of a surface, 
returns, if it fall perpendicularly to that point, in 
the same line by which it approached ; but if it 
fall obliquely, or on one side of the perpen- 
dicular, it returns in a line deviating as much on 
the other side. Now the surfaces of concave 
mirrors are so formed^ that every ray issuing froiA 
tlie focus shall, when reflected, become parallel 
to every other ray — as represented by the dotted 
lines in the figure ; and it is the property of a 
similar mirror receiving parallel rays to make 
them all meet in its focus : — ^thus any influence 
radiating from c will be again collected at J. 
The purpose and eflfect of such mirrors in expe- 
riments on heat, is merely to concentrate feeble 
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iit&uenctSy so that they may be tsime accurately 
estimated. To shew their effect and mode <^ 
actioB, they may be placed exactly facing each 
other at any convenient distance, and then a hot 
body of any kind, as a ball of metal or a canister 
of boiling water, being left in one focus while a 
thermometer stands in the other, the thermo- 
meter will instantly rise ^ although, if left in any 
mtermediate ^tuation nearer to the hot body, and 
therefore not in the focus, it will not be affected* 
If burning charcoal be placed in one focus and a 
readily combustible substance in the other, the 
latter will be set fire to at the distance of thifty 
iWt €€ moore^ 

If in one fecua of the mirror a|^iiffatu» d^ 
scribed above, tl^re be placed, instead of the ca» 
sister of hot water, a piece of ice^ the thermometer 
in the other focus immediately falls* This has 
been called the radiation of cold, and persons 
were at one time disposed to think that it proved 
eold to have a positive existence distinct from 
heat. The case, however,> is merely that the tber* 
moBdeter happens then to be the hotter body in 
one focus of the mirrors, placed in relation with 
a colder body, the ice, in die other, andconse* 
^entiy by the law of equable diffiision^ it must 
share its heat with the ice^ and will fall. The 
mirrors in any case have merely the effect^ by 
pieventing the spreading and dissipation of the 
radiaat heat from either focus except towards the 
other, of making two distant bodiesract upon each 
other as if they were very near. All the heat 
that seeks to radiate from the thermometer d in 
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the. direetfam of the lti|^ surface of the mirror d# 
if not saet by an e^al tension or force of tenK 
pewtftre m the other mirror or focos to which tiiey 
are directed at a and c, wil radiate away to c^ 
and become deficient at d. Some inquirers have 
believed that heat was constantly radii^ing in ex« 
change firom substance to substance (as light ra** 
diates constantly between opposed bodies), only 
m<»'e copiously from one side, if the temperature 
of that was higher : others have held that the 
movement only took place whoi the balance of 
temperature was destroyed ^ and this is the simplest 

There is a remarkable difference in cme re^ 
^ect betwe» the heat of the sun and that ra^- 
diated from any other source, viz. that the first 
passes through air, glass, water, and transparent 
bodies generally, very readily, while tl^ latter, 
although not obstructed by air, is almost totsdly 
intercepted or absorbed in passing through any of 
the other substances named. In our drawing* 
rooms it is common to have ornamented glass fire^ 
screen^ which, while they allow the light to pas8» 
defend the face from the heat: but all persona 
know that the beat of the sun-beams, as wdl aa 
their light, entei:s our green-houses through the 
glass which covers them. A glass screen inters 
posed between the concave mirrors in the appa*' 
ratus above described, destroys almost entirely 
the effect of the heated body in one focus, on the 
thermometer in the other, and the trifling effect 
really produced has appeared to some to be owing 
tO'the heat first absorbed by the screen on one of 
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its wd^St and then radiated from the other. Tfaid 
<tonclusion seemed to be supported by the fact 
that screens of metal or of glass, covered with 
lamp black, paper, &c., allow transmission nearly 
iir proportion to their, several absorptive and ra- 
diant powers. More carefiil experiments, how- 
ever, have been held to prove that a small portion 
of the lieat is suddenly radiated through the 
glass. A glass mirror reflects the light of a fire, 
but at first retains all the heat, and only radiates 
it afterwards as a hot body* - 

The doctrines of radiant heat make us aware of 
the importance of having vessels of polished metal 
for containing liquids or any thing which we desire 
to keep warm ; hence tea and coffee-pots, dishes 
for soup, &c. should be polished. As a black 
earthen teapot loses heat by radiation nearly in 
proportion to the number 100, while one of 
^ilv^r or other polished metal loses only as IS, 
there will be a corresponding difference in their 
aptitude for extracting the virtues of any sub- 
stance infused in them. Pipes for the convey- 
ance of steam or hot air, if lefl naked, should be 
of polished metal ; but after arriving at the place 
where they have to give out their heat, their sur- 
face should be blackened and rough. A coat of 
polished mail is not a cold covering. A mirror 
intended to reflect heat should be of highly po- 
lished metal : and such is the interior of a screen 
placed behind roasting meat. A fireman's mask is 
usually coveted with tin foil. It is of advantage 
that the bottom of a tea-kettle or other cooking 
vessel be black, because the bottom has to absorb 
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heat, but the top should be polished because it 
has to confine. 

The interesting phenomenon of dew was not at 
all understood until lately, since the laws of r»« 
diant heat have been investigated. At sun-rise in 
particular states of the sky, every blade of grass 
and leaflet is found, not wetted, as if by a s^iower, 
but studded with a row of distinct globules most 
transparent and beautiful, bending it down by 
their weight, and falling like pearls when the 
blade is shaken. These are formed in the course 
of the night by a gradual deposition on bodies 
rendered by radiation colder than the air around 
them, of the moisture which rises invisibly from 
water surfaces into the air during the heat of the 
day. In a clear night the objects on the surface of 
of the earth radiate heat upwards through the ait 
which impedes not, while there is nothing nearer 
than the stars to return the radiation ; they con- 
sequently soon become colder, and if the air 
around has its usual load of moisture, part of this 
will be deposited on them,, exactly as the invisible 
moisture in the air of a room is deposited on a cold 
bottie of wine when first brought from the cellar. 
Air itself seems not to lose heat by radiation. A 
thermometer placed upon the earth any time after 
sun-set until Sun-rise next morning, generally 
stands considerably lower than another suspended 
in the air a few feet above it ; owing to the radiation 
of heat upwards from the earth, while the air remains 
nearly in the same state. During the day, while the 
sun shines, the earth is much warmer than the air. 
The reason why the dew falls, or forms somuchmore 
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eoploudy upon the 8oft spoogy fuffbc^ af leavM 
and flowerS) where it is wanted, than on the bard 
surface of stones and sand, where it would be of 
no use, is the difierence of their radiating powers. 
There is no state of the atmosphere in which ar^ 
ti£cial dew may not be made to form on a bodj^ 
by sufficiently cooling it, and the degree of heat 
at which it begins to appear is called the dew 
point, and is an important particular in the me-» 
teorological report of the day. In cloudy nightai 
heat is radiated back from the clouds, and the 
earth below not being so m.ttch cooled, the dew is 
santy or d^cient* On the contrary, wh^a ym* 
kaformed persons would least exjpect the dew, viz. 
in warm very dear nights, and perhaps when the 
beautiful moon invites to walking, and music adds 
its charm, a& in some of the evenings of autumn 
with the harvest moon and harvest occupations^* 
then is the dew more abundant, and the danger 
greater to delicate perscnis of taking harm by 
walking among the grass* 

** Heat hy entering bodies eaypands them^ and 
through a range which includes as three successive 
stages the forms qf soUd^ liquid^ and air^ or gas ; 
becoming thus, in nature, the grand antagonist 
and modifier of the effects of that attraction which 
holds corporeal atoms together, and which, if acting 
alone, would reduce the whole material universe 
to one solid lifeless mass. (Read the Analysis, 
page 6.) 

If an experimenter take a body which is as £ree 
from heat as man can procure a body — a bar of 
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soiid CMPCttiy, &r inetonce, ftsit exists in a polar 
winter ; and if he then gradually heat such body, 
to whatever extent, it will acquire au increase of 
bulk with every increase of temperature: ihrst, 
there will be simple enlargement or expansk)!! n 
e^ery direction ; then the mass will in addition bo 
softened ; then it will be melted or fused, that is 
to say, in the case supposed, the solid bar will be 
reduced to the state of liquid mercury, with die 
cobesive attraction of the atoms nearly overcome 9 
if the mass be still farther heated, the atoms wili 
be repelled from each other to much greater dis* 
taBces, constituting then a very elastic fltod called 
an air or gas, many hundred times more bulky than 
Ike same matter in the solid or liquid state, and 
capable of forcibly distending an appropriate ves^ 
sel as common air distends a bladder ; susceptible^ 
moreover, of dilating indefmitely farther, by fer-- 
ther additions oi heat, or by dtminutiou of the »t* 
mospberic pressure, against which it had to rise 
during its formation. A subsequent removal of 
the heat will cause a correspotiding progress of 
contraction, and the various conditions or ferms 
of the substance above enumerated, will be re* 
produced in a reverse order, until the solid masi 
again appear. 

What is thus true of mercury is proved by 
modern chemical art to be true also of all the 
ponderable elements of our globe, and of many 
of the combinations of these elements, — as wa- 
ter, for instance, familiarly kn<^vn iiai its three 
forms of ke, water^ and stemn ; altibough com* 
pound substences generally, by j^eat changes 
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of temperatuie, are decompcfsed into their ele« 
ments. 

A student might at first have difficulty in be*^ 
lieving that the beautiful variety of solid, liquid, 
and air found among natural bodies, could depend 
upon the quantities of heat in them, because 
these forms are all seen existing at the same tern* 
perature ; but he afterwards learns that each sub* 
stance has its peculiar relation or affinity to heat, 
and that hence, while at the medium temperature 
of the earth, some bodies contain so little as to 
be solids — ^like the metals, stones, earths, &c«; 
others have enough to be liquids — as mercury^ 
water,oils, &c. ; and others enough to be airs — 
as oxygen, nitrogen, hydrogen, &c. Men, until 
better informed, are prone to deem the states in 
which bodies are most frequently observed, to be 
the natural states of such bodies ; and the Indian 
king but reasoned in a usual way,' who held the 
Dutch navigators, newly arrived on his shores, to 
be gross impostors, when they said that in their 
country, at one time of the year, water became 
so hard that they could walk upon it, and drive 
their carriages upon it, and shape it into solid 
blocks. All persons err like this king, who in 
thinking of the different substances known to them^ 
regard their accidental state as to the cohesion 
of particles^^which state is really dependent on 
the temperature of the bodies, and therefore 
on the particular planet or situation on the planet 
where they are found, to be in them an essential 
natural charact^. As well might a person who 
had never seen silk, but as a delicate gauze or 
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sfatin enveloping some lovely human form, refpse 
to recognize it in the unsightly coil of the worm 
which produces it. 

The degrees in a general scale of temperature 
at which the most important substanc«t in nature 
change their states from solid to liquid, or from 
liquid to air, will be noted in a future page. Her^ 
we have only to remark, that the differences 
are very great. Mercury melts at about 80*" be- 
low the melting point of ice, and porcelain at 
about 30,000*' above. There are some substances 
which require so high a temperature for their fup 
sion or for their conversion into gas, that human 
art has difficulty, or eve^ finds it impossible, to 
produce the changes by simple concentration of 
heat; but all such are readily soluble in some other 
substance, possessing already the form of liquid 
or air : as when gold and platinum are dissolved 
in nitro-muriatic acid — ^flint in the fluoric acid,— ^ 
carbon in hydrogen gas. Now many persons may 
not have reflected that the dissolving a solid in 
any fluid menstruum is merely another mode of 
melting it by heat ; yet this is the truth, for the 
menstruum is itself fluid, only because of the 
much heat which it contains, and in dissolving the 
more obdurate substance, it does so merely be- 
cause its attraction for the substance brings the 
particles into union with the heat which already 
exists in itself. Heat then is the only and uni* 
versal solvent. Its influence is interestingly seen 
in the fact, that a fluid when heated can dissolve 
much mor^ of a solid than when cold. Water 
while hot keeps dissolved twice, as much of many 
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Saks as it caft when ita temperatefe has fidlen. 
— There sate again in nature maniy stABtances 
having such an affinity for heat, that until 
lately th^ have only been known as asrs ; and 
even in the present advanced state of art, they 
cannot by any <{egree of mere cooling be redueed 
to the liquid or solid form; yetallauch, when 
pressure is added to the cooling, or when the che- 
mical attraction for them of some other substances 
which already exist in the liquid or solid state, is 
made to co-operate, may be reduced. An instance 
is afforded by oxygen, when made part of a liquid 
acid, or of a sohd ore. 

Of soKds, some on receiving heat become s<^ 
before they are liquefied, as pitch, glue, kcm, &c. ; 
others change completely at once, as ice in be- 
coming water ; and some pass at once to the state 
of air, without therefore havii^ assumed at aU 
the intermediate state of Hquid — they are suh 
Bmedf as it is called, and on cocking again may be 
caught in a powdery state, as seen in that form of 
iulphur, or of benzoin, termed ytkejlower of the 
substance. Of the latter class also are camphor, 
arsenic, ccnrrosive sublimate, and the substance 
called iodine, M^iich last, from the state of rich 
ruby ciystals, on being heated becomes at once a 
dens6 transparent gad of the same hue, »idin 
cooUng resumes its crystattine form. 

The reader having arrived at this plaee, may 
peruse again with advantage five pages rf vol. i. 
(between pages «0 and 90 in the diflferent editions) 
which treat of tlie infiwnee t£ heat en the con^ 
ttiimtion (f muses. 
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^y^EaehpartMibr wbitancey accordmg to theiimture^ 
fTommtjfy^c. of Us ultimate particles^' takes a 
oertahi quantity qfheat (said to mark its CAPACixy) 
to produce in it a given charge of temperature or 
• calorific tendonJ* (Read the Analysis^ page 6.) 
A pound of water, ^ for instance, to raise its 
temperature one degree, takes thirty times as 
much heat as a pound of mercury. This may 
be proved in: various ways. First, if the heat 
be derived from any unrform source, the water 
must remain exposed to it thirty . times as long 
as the mercury. Second, if both substances, 
after being equally heated, be placed in ice until 
cooled to the freezing point, the heat which es- 
capes again from the water will melt thirty times 
as: much ice as that which escapes from the mer- 
cury. Third, when a pound of hot water is uiixed 
with a pound of cold mejcury, instead of the two 
becoming of a middle temperature, as is the case 
when equal quantities of hot and cold water are; 
mixed — every degree of heat lost by the one be- 
coming just a degree gained by the other — ^the 
pound of hot water, by giving up one degree to 
the pound of cold mercury, raises, the temperature 
of the latter thirty degrees j and in the same pro- 
portion for other differences :— or on reversing 
the experiment, a pound of hot mercury will be 
cooled thirty degrees by warming a pound of 

water one degree. , _ 

Now each particular substance, in nature, just 
as water or. mercury, has its peculiar, capacity for 
heat; and expeximenta.mad^ by the modes of 
mixture and of melting ice above described have 
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led to the construction of tables which exhibit the 
relations* The following short table 1$ an abstract 
of tfaese^ shewing the comparative capacities, of 
equal weights of some common substances Water, 
for reasons of convenience, has been chosen . as 
the standard of comparison. It appears, then, 
that a pound of hydrogen gas takes about twenty 
times inore heat to produce in it a given change 
of temperature than a pound of water, while a 
pound of gold takes about twenty times less, and 
therefore four hundred times less than the hj-^ 
drogen. The figures in the table, by marking the 
comparative capacities for heat of various sub^ 
stances, necessarily indicate also the comparative 
quantites of ice which would be melted by equal 
weights of the substances in cooling through an 
equal number of degrees. A pound of water, 
the standard, must cool 140 degrees, that is^ 
must give up 140 degrees of its heat to melt one 
pound of ice. 

Gases. 

Hydrogen 21^ 

Atmospheric air If 

Carbonic acid gas • If 

Common steam •••••• 1^ 

liquids. 

Solutionof carbonate of ammonia... 2 

Alcohol ...••...• •• t-^ 

Water 1 

Milk .—. 1 

Olive oil I 

Linseed oil ..•.••.••;•«••••*;• ^ • 
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Su^ufic aictd ^ 

Otttckailvief ,1^ 

Solids. 

!«• • ^ 

Whe«t f 

Charcoal ^ 

Chalk I 

Glaaa f 

Iron I 

Zi«c ^ 

Gold ^ 

We may remark here that 3ome late researches^ 

by another mbde of trial, make the capadty oC 

^ to he only a quarter that of water, although 

in the preceding table it appears to be one and 

three«qiiarters« Now as' the otfaa^ aerifomt fluids 

havB been compared with water through the me-^ 

4iiim of atmospheric air^ if there be an error with 

respect to this, it must run through all the figures 

Boling the capacity of oth^ aerifc^m substances. 

If 'we seek a reason or reasons why th^e shoul^ 

be among bodies the dii!erences of capacity here 

itoted, the circumstances chiefly calling attention 

ire the following. First, equal weights of the 

various substances have vefry different bulks of 

volumes, and therefore have difiS^rent room in 

which the heat may lodge. Mercury, fbr iii^ 

stance, is only one-fourteenth part as bulky as 

water. That die bulk, however, is not the only 

influencing drcumstance appe|(rs in the fact, that 

mercury while having one^oui^eenth of the bulk 

of wat^, has only mie«ti%iieth of the capacity; 

Second, in equal bulks of dx^rent i^ubstsuiMS, 

E 2 
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the space may be more completely' oQOttpied by 
the particles of Qne.^thao of appthetrrras by the 
particles of mercury than, by those of water. 
But as the facts are not fully accounted for, even 
by both of these circumstances, , we must seek ex- 
planation in a.third, w. a difference in the ultimate 
particles of bodies affecting, their relations to heat. 
Firsts The influence of bulk or volume, in deter- 
mining the capacity for. heat, is. proved by the 
facts stated in the preceding table, and by many 
others. In the table, for instance, it is seen that 
hydrogen and the gases generally, with their 
jgreat comparative bulk, have also great capacity ; 
that liquids have less capacity than gases; that 
spUds have less than liquids — ^but the capacity, as 
already stated, is not in strict proportion to bulk ; 
for hydjrogen, which is many thousand times, more 
bulky than an equal, weight of water, has only 
twenty-one times the. capacity. Again, if any 
body whatever be suddenly compressed into lesar 
hulk, heat will issue from it as if squeezed out. 
Thus iron or other metal suddenly condensed, by 
the heavy blow of a hammer, is thereby rcQdered 
hotter, and the. expelled heat will gradually spread 
f]:om it Because water and spirit, on being mix- 
ejf}, occupy less space than when > separate, there 
is from the. mixture a corresponding discharge, of 
heat But the truth is most remarkably exem^ 
plified in airs Or, gases,. owing to their great xange 
of elasticity. They may be condensed or dilated 
a.hundred-fold or more, and there will be a si- 
multaneous . concaitration or difiusioti . of their 
heat,, that is to say,, the production, in the space 
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occupied by them, of intense heat or cold. . The 
faeat of Bit just condensed, or the cold of that 
which has just expanded, is much greater thad 
even the most deUcate thermometer can indicate, 
'ftr there is so little beat altogether even iA a con- 
•siderable volume of air, that the mass Of a mer^ 
curial thermometer, although absotbing a great 
part of it, would be little aflfected. . The isxtent, 
however, of the change of temperature is seen in 
the facts^ that by the sudden condensatiein df air 
we may. inflame tinder immersed in it, and by 
fallowing air suddenly to expand, we may convert 
aiiy watery vapour difiused through it into ice or 
isnow; Nay, air^ containing carbon in perfect so? 
iutidn, ias is true of the common coal gas, if &rst 
x^ondensed to expel heat^ and then, allowed sud« 
denly to expand^ will be sd codled that the car- 
bon will be separated like a black cldud; as 
«now is separated in the case before described; 
The cold which separates or freezes carbon from 
a gas holding it ih solution, is perhaps the most 
intense which art can produce. It might be ex- 
pected that air suddenly compressed into half its 
previous volume, should become just twice as hot 
as before, or if suddenly dilated to double ^vo- 
lume, should be only half as hot, thus enabling 
us to ascertain the whole quantity of heat ..coi^- 
tained in it; but the facts are not so ; the tem- 
perature changes, near the middle degrees of the 
scale at least, much less than the density. Air 
in doubling its volume from a common density,' 
becomes odder only by about «)^ df Fahrenheitfs 
thermometer. 
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The^JBcBkreot ctptcify ^for heat of air in dtfk^ 
feat 8tate$ of diktation, produces effects of geeat 
importance in nature aa wdl as in the. a^:t&^^ 
Aus, ' 

: On tile sar&»e of llie eardi luaar the sea«Ittxe^ 
tke aiv of tbe atmospliere lias a certain density (a 
cubtQ ibot thighs alKmt one ounce mod a^uaiiber) 
d^iident on the ^^ight and pressure of the auf 
periflcunibeiit ma» ; but on a moimtaia top l&fiOO 
Se^t high, as half the mass of the Jitoioq>her& is 
IteloMr that lev A, (m» ^ Pneumatics V)^ tHe air ia 
beating tnit half, the pressur e» and consequentljr 
has twice the vohixne of aa eqoai quantity of air 
flPt Ibe sea^de, and a temperature, coosequemdjr 
Inany degrees inferior $ and die^ir :wtitch is at any 
time on th^ inountain*top» may have be^ recently 
before on an adjoining plain or share, and. in 
gradually ctimbing the mountain aide aa a vmd^ 
it must have been gradually ^expanding and cooU 
ing in pr<^)ortion to the diminishing pressure*.. B; 
is foutid that air, at first rising from the sea^hore^ 
1»ecomes one degree coldcar for about fiOO &et 
tif perpendicular ascen^ and altogether about JSO^ 
^colder in rising 1^000 feet ; te that at this latter 
idevation, water is frozen even near the equates^ 
iiv^re tbe temperature of low plains is at leasit 
-W^. It thus appears that if a man could tDavel 
with the wind so as to remain ahrayi iorraunded 
by the same air, he imght begin his joura^ wi^ 
it from the summer vifieyasds of the ftlutie, nugist 
soon sifter iSnd it ttie piemng blast of the alpine 
summits; and again, a Utde after, without wiy 
change having occurred in the absolute quanttt^ 
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of its hist, mtgbt feel it m. ike Mwrn bftath of 

The explaBBtiim jbrhera ready.of why leery ele« 
vated mountains in all parte of the earth act 
hooded ia perpetual subws. We have just aaid: that 
eiren at the. equator, where the average temper 
ntuK near the sea is 84% waiter will be firoxen 
idKn cixried to an elevation of. 15,000 feeL A 
Ha^ theiefore^ traced cii a mountain, at tiiialevd 
WDufal .divide the portion of it destined ;to Ae^ 
under lasting ice aad.snow from the portion below 
colored with green herbage. This line, wherever 
fiHind, is called the mam tine, or tine of perpetual 
congelaikm. At the equator it is high in the at> 
mosphere, because there is a, difference, of about 
#0^ between the average temperature of the 
country and the freezing point of water, viz. the 
difference between 84"" and 32% and an elevation 
of 15,000 feet corresponds to this difference ^ but 
in a progress towards the poles, the line is met 
inth gradually nearer to the earth, as the differ 
fence in questiom is less. In Switzerland it.is at 
6^500 feet above the sear; in Norway, it is below 
5,000. Withooespect to tiie Une of congekticm, it 
la further to be remarked,, that in tropical coua- 
^tdes,. because the tiemperature of the air is nearly 
uniform .durii^ tiie whole year^ the line or Umlt 
of frost and isnow is xlistihct and unvarying, that 
fai to say ia narrow, pstrticularly where the acdi^- 
mtyis considerable; but in countries to thenorth 
Jind soiith, which experience strong contrast of 
iummer Aod winter, the luie becomes Inroad and 
less evident ; becauike in the hot season much snow 
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k-melWd or half melted above what may be. called 
an average line^ .while u winter nuich snow and 
ice are accumulated bdow this^ to be meked again 
when summer returns. 

In the breadth of the line of con^dation ibi 

changeable dimates, we have the reason o£ the 

formation of what are called glaciers. aravmd jmom^ 

capped mountains situated in such climates^ and 

around such only. The. snow near the iqiper fwct 

of the broad line having been only, softened .or 

half thawed in the preceding summer, becomes in 

winter, almost as solid as ice, and in the suc« 

ceeding summer vast masses of this, detached by 

the action of the sun and of the central heat of 

.the earth spreading outwards, and loaded vrith 

more recent accumulation of snow, are constaiiitly 

falling down into the vallies beneath ; where, he* 

ing accumulated, and the crevices filled up^with 

snow or with water which hardens to ice, they 

form at last the huge glaciers or seas of ice^-^miers 

de glace, which render certain regions so remaik*^ 

able. The falling o£ such masses (called in SwiU 

zerland amlanches\ is what renders the ascent 

ix> snow<<;lad mountsuns terrific and dangerous^ 

Around Mont Blanc, in the awful solitudes of the 

elevated vallies, the avalanches are thundering 

down almost without interru{^on during tlH» 

whole summer— in which season only the at^ 

tempt to ascend the mountain can be made, and 

a pistol-shot, or any considerable agitation of the 

air, may suffice to set loose masses that will 

sweep away a whole convoy. Beneath glaciers 

there is always going on a melting of that part of 



CAPACITY lOR HEAT. 57 

the ice which is in contact with theeaB:th» $xid 
hence a; stream of water constantly issuelirom the 
hed of every glacier, * These streams in Switssev* 
land are the beginnings of the magn^cent riyecs 
the Rhine and Rhone; like the avalanches break* 
ing loose in. summer among the .mountains, .the^ 
•lire in the pdar seas vast masses of .ice. detached 
fram the shores, and which .afterwards move into 
wanner seas to be melted. These often, become 
to the arctic bear rafts, .on which, to Jiisiiarpriw^ 
be finds himself voyaging into new latitudes, .to 
be left at last adrift in the wide ocean whenhia 
riiip has vanished fronv beneath him* 

Although the proofs are not so immediately 
apparent, the line of congelation exists as truly 
every where in the open sky, over sea and plains^ 
as where there are mountain heights to wear its 
livery ; and considerably below the line, the cold, 
-aided by electrical agency, is sufficient to produce 
in the form of mist or clouds, a deposition from 
the air of the watery vapour contained in it. There 
is thus in nature an admirable provision to shade 
the earth at proper times from the too powerftd 
rays of the sun, or to supply rain as wanted, 
without the transparency of the inferior regions 
t>f the atmosphere being much affected. As the 
eatery vapour rising from sea or lake, and in; 
visibly diffiised in the atmosphere, can only reach 
to the height where the cold is great enough 
to condense it, the clouds may in general 
be regarded as the top of that atmosphere of wa* 
tery vapour or aeriform water, which is always 
mixed more or less with the atmosphere of mere 
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the fanciful canoes or prows^ in a word, every 
object bespeaking the torrid zone. Such then is 
the scene, which even under the equator, an in- 
jvalid by climbing a hill may place under his eye» 
and where the thermometer near him stands as in 
an English month of May. 
, The interiors of the islands of Jamaica and 
Hayti have many situations of great extent, which 
<:ombine, as above described, the advantages of 
tropical situation and temperate climate, and 
English labouring colonists might well inhabit 
the former. The vast plain of Mexico, and much 
of the central land of South America, is similarly 
circumstanced ; and it is not uncommon, where 
the ascent to the gigantic Andes is gradual, to 
find at the bottom of the ridge a town, whose 
markets are stored only with the productions of 
the equator, while in a town higher up will be 
seen only what belongs to the temperate skies of 
Europe ; — climates of the earth naturally distant^ 
thus having met as it were in amicable vicinity 
on the same rising plain. 

Second. It might be anticipated that a dense 
body, or one in which the constituent particles 
may be supposed to fill more completely the space 
^occupied by it than the particles do in a rarer 
body, would have smaller capacity for heat, ih 
-proportion to the smaller space left vacant in its 
imass : and in a general comparison of the capa- 
^cities of equal bulks of difierent substances, such 
.anticipation is partly verified,— -as when a pint of 
>4^nse mercury is found to have only about half 
^he capacity which a pint ..of lighter water has. 
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Ttie accordance however is* by no means uni-i 
versal, nor at all in proportion to>tfae differences, 
of dejisity. Water, which is denser thanoiU aoad: 
according to the hypothesis should have less ca^i 
pacity, yet has.in the same volume' nearly double 
the. capacity ; and mercury, which being neaiiyr 
fourteen times denser than water, might be ex- 
pectf^d.to have only a fourteenth of the capacity,v 
has really for equal volumes a-half, or, as: formerly; 
stilted, . for equal weights, a thirtieth. , 

Third. We are at. last therefore: compelled, to: 
admit, that the relation between various sub- 
stances and'heat, which we call capacity for heat, 
depends much more on the nature of the ultimate 
atoms of the substances than either on the abso- 
lute bulk or comparative density of the masses. 
Throwing much light on this subject, it has been 
ascertained in late times, that all material sub- 
i^tances are composed of extremely minute un- 
changeable atoms, and of which, in different 
substances the comparative weights have been 
determined, although. not the: absolute weights; 
that is to say, for instance, the atom of. gold .is 
known to weigh four times as much as the atomiof 
iron, although we do not know how many thou- 
sands or millions of atoms are required to form a 
grain of either. Now very recent researches seem!^ 
tp prove that for each ultimate atom, .no matter 
of what substance, nearly the same quantity of> 
h^at is required to produce in a mass of the atoms 
a given change of temperature. Thus: an ounce of . 
iron which has four times .as many atoms, as an: 
ounce of gold, has four times the capacity for 
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heat. The law seeflb to hold for aU simple 
substances ; and for compounds of these there 
sieems io be anothw law not jet well made* 
out. 

Instead of the term capacity for heat used in the 
preceding pages» with respect to particular sub- 
stances, that of specific heat has by some authors 
been preferred ; but as the latter gives to a com--' 
mencing student the idea rather of ^cific kinds 
of heat than of specific quantities, the term ca- 
pak^ity has been here retained. 

" Each substance in nature, for a given change qf 
temperature, undergoes eapansion in a degree 
proper to itself, theeapansion generally increasing^ 
more rapidhf than the temperature, as the cohesion 
qf the particles becomes 'weaker from increased 
distance, being remarkably greater therefore in 
liquids than in solids, and in airs tJian in liquids ; 
the rate being quickened, moreover, near the points 
qf change. (See the Analysis, page 6.) 

The following table, containing the names of 
some common substances, solid, liquid, and aeri* 
form, shews, by the figures following each name, 
how much the substance increases in bulk, by 
having its temperature raised from that of freez* 
ii^ to that of boiling water. A lump of glass, 
for instance, would gain in the proportion of one 
cubic inch for every 416 cubic inches contained 
in it ; while a mass of water would gain one inch 
or part in twenty-three ; dilating thus for the same 
range of temperature nine times more than the 
glass. 
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Solick 

Glass gains one part in • 41.& 

Deal •••;••.••• 416 

Platinum ^. •• 389 

Steel .^^44 883 

Cast iron • .•.•,. 278 

Iron 271 

Gold • .,.. 221 

Copper 194 

Brass 177 

Silver ...4 I75 

Tin 170 

Lead II7 

liquids. 
Mercury gains one part in...... 55 

Water 23 

Oil of turpentine • .*... 14 

Fixed oils 12 

Alcohol M • 9 

Airs. 
Common air,^ 

All gases >gain one part in ... 3 

and vapours J 
We have to warn readers here not to confound 
the increase by heat of the general bulk of a solid 
body with tke increase of its lengtJu The latter 
19, ^nly one-third as great as the formen This will 
be understood by considering that the increase of 
bulk is divided between the breadth and depth (or 
thickness) in common with the lengths If the 
substance of a metallic square rod or wire, for 
ai8tance» be dilated by heal^ the hundredth part 
«f its bvlk, it does not gain all that hundredth at 
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its end, becoming perhaps 101 inches long instead 
of 100;'but every part becoming deeper and 
broader in the same proportion as it becomes 
thicker (we may suppose it divided into a row of 
equal little cubes), the rod gains in length only 
the third part of an inch. A fluid enclosed in a 
tube unchangeable by heat (if such tube there 
were) would shew- its whole dilatation in an in- 
crease of length) because there could be no swell- 
ing laterally, and its extremity would therefore 
have a triple extent of motion from any variation 
of temperature. A degree of this consequence is 
obtained in our common thermometers, because 
the containing glass, although dilatable by heat, 
is so much -less dilatable than the fluid within. 
As regards solids, we have to inquire so much 
more frequently respecting the dilatation in 
length, breadth, &c.; that is to say, the linear 
dilatation in some direction, than the increase of 
general bulk, that tables are frequently made 
stating only the linear dilatation. It may be 
found at once from the above table, by recollect- 
ing that it is one-third of the increase of bulk : — 
thus, if glass in passing from the freezing to boil- 
ing heat of w'ater, dilate one part in 416 of its 
bulk, it will dilate only the third of a part in 
length, or a whole part in an extent of three times 
416 or 1,248. 

The expansion by heat of solids has been as- 
certained by bringing microscopic instruments to 
bear on rods of the various substances heated to' 
various degrees, in troughs of oil or water. The 
expansion of fluids, again, is found by fiflirig a 
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glass vessel with a known weight of any fluids and 
then ascertaining how much is made torun aver or 
escape by a given increase of, heat. . This quan- 
tity, added to what is required to fill the increased 
dimensions of the heated glass vessel (which from 
the ascertained expansion of glass is known) 
forms the whole of the increase. It might be 
ascertained also by putting different liquids sue* 
cessively into the same thermometer-tube, and 
marking their comparative dilatations frcMn changes 
of temperature examined by another thermometer^ 

The general and comparative expansion of solids 
by heat are exemplified in the following cases : 

A cannon-ball, when heated, cannot be made to 
enter an opening, through which when cold it 
passes readily.. 

A glass stopper sticking fast in the neck of 
a bottle often may be released by surrounding 
the neck with a cloth taken out of warm water 
—or by immersing the bottle in the water up to 
the neck: the binding ring is thus heated and 
expanded sooner than the stopper, and so becomes 
slack or loose upon it. 

Pipes for conveying hot water, steam, hot air, 
&C., if of considerable length, must have join- 
ings that allow a degree of shortening and 
lengthening, otherwise a change of tenq)eratur6 
may destroy them. An incompetent person un- 
dertook to warm a large manufactory by steam 
from one boiler. He laid a rigid main pipe along 
a passage, and opened lateral branches, through 
holes into the several apartments»hut on his first ad- 
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iBittiiig tke steam, the expansion of the main pipe 
tore it away from all its branches. 

In an iron railing, a gate which during d cold 
day may be loose and easily shut or opened, in a 
waxm <ky may stick, owing to there being greater 
expansion of it and of the neighbouring raOing^ 
than of the earth on which they are placed. Thus 
also the centre of the arch of an iron bridge is 
higher in warm than in cold weather ; while, on 
the contrary, in a suspension or chain bri<%e, the 
centre is lowered. 

The iron pillars now so much used to support 
the front walls of houses of which the ground 
stories serve as shops with spacious windows, 
in warm weather really lift up the wall which 
rests upon them, and in cold weather allow 
it again to sink or subside — ^in a degree con- 
siderably greater than if the wall were brick from 
top to bottom. 

In some situations (as lately was seen in the 
beautiful steejde of Bow*<:hurch, in Lond(Hi)i 
where the stones of a building kre held together 
by clamps or bars of iron with their ends b6nt 
into them, the expansion in summer of these 
clamps will force the stones apart sufficiently for 
dust or sandy particles to lodge between ^em : 
and then, on the return of winter, the stones not 
being at liberty to close ^s before, wUl cause the 
ends of the shortaied clamps to be drawn oi|t» 
and the effect increasing with each revolving year, 
the structure will at last be loosened and may fall. 

The pitch of a piano-forte or harp is lowered 
in a warm day or in a warm room, owing to the 
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€x[^iisioli of the strings being greater than of the 
wooden frame-work ; and in cold the reverse will 
happen. A harp or piano, which is well tuned in 
a mormng drawing-^foom, cannot be perfectly in 
tune when the crowcted evening party has ht^ited 
the room. 

Bell-wires too slack in summer, may be of the 
proper length in winter. 

One admirable contrivance for keeping the 
pendulum of a clock always of the same length, 
by making the greater expansioii by heat of a 
middle bar of brass counteract the smaller expan- 
sion of two side rods of steel, was explained in 
vol. i., under the head of * Penduluniy* as was 
also the construction of a balance-wheel having a 
corresponding property. A difference of a 100th 
of an inch in the length of a common pendulum 
causes a clock to err ten seconds in twenty-foui: 
hours, and a rise or fall of 25*" of Fahrenheit's 
thermometer produces this difference. Another 
kind of compensation pendulum, distinguished by 
the name of its inventor Graham^ is obtained by 
substituting for the solid bob or ball at the bottom 
a gla^s vessel containing mercury. The mercury 
on. expanding by heat has its centre of gravity 
raised just enough to compensate for the lengthen- 
ing of the rod of the pendulum. 

Crystals do not expand quite equally in breadth 
and in length, and the expansion of one part may 
even cause a contraction of a part not yet warm* 
ed* The same is true of fibrous substances, as 
wood, which expands and contracts more in 
breadth than in length. This is proved by the 
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leaking in cold weather of a ship's deck, which 
in warm weather is tight : an occurrence which 
the author once, in rounding the Cape o£ Good 
Hope, had to regret as the cause of destruction to 
some valuable specimens of natural history which 
he had collected among the eastern islands. 

Other interesting examples of expansion and 
contraction in solids might be mentioned, but 
the above, in addition to what were given in vol. i, 
under the head of * Repukiorij* may suffice. Bodies 
expanded by heat, unless when their intimate 
composition is changed by it, regain exactly their 
former dimensions on being cooled* 

As is seen in the preceding table, the expansion 
of liquids is much greater than of solids. 

A cask quite filled with liquid in winter, n^ust 
force its plug in summer, or must burst : and a 
vessel which has been filled to the lip with warm 
liquid, will not be full when the liquid has cooled. 
Hence some cunning dealers in liquids try to 
make their purchases in very cold weather, and 
their sales in warm weather. 

TTiere exists a most extraordinary exception, al-i 
ready mentioned, to the law of expansion by heat 
and contraction by cold, producing unspeakable 
benefits in nature, viz. in the case of water. Water 
contracts according to the law only down to the 
temperature 40°, while, from that to 32% which isi 
its freezing point, it again dilates. A very curious 
consequence of this peculiarity is exhibited in the 
wells of the glaciers of Switzerland and elsewherei 
namely, that when once a pool or shallow well on 
the ice commences, it goes on quickly deepening 
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itsdf» until it penetrates to the earth beneath. 
Supposing the surface of the water originally to 
have neariy. the temperature of the melting ice, 
or 33^, but to be afterwards heated by the sdr 
and sun, instead of the water being thereby di- 
lated or rendered specifically lighter, and detained 
at the surface, it becomes heavier tiie more nearly 
it is heated to 40% and therefore sinks down to 
the bottom of the pit or well ; but there, by dis- 
solving some of the ice, and being consequently 
cooled, it is again rendered lighter, and rises to 
be heated as before, again to descend ; and this 
circulation and digging cannot cease until the 
water has bored its way quite through. 

Airs are expanded by heat still more than liquids. 

The expansion of aeriform bodies by heat pro- 
duces many important effects in nature. Some of 
these have already been considered in preceding 
parts of this work, as, the rising of heated air in 
the atmosphere, causing the winds all over the 
earth ; the same in our fires and chimnies support- 
ing combustion, and ventilating and purifjdng our 
houses ; the same again from around animal bo- 
dies, removing the poisonous or contaminated air 
that issues from the lungs, and ansuring a con- 
stant supply of fresh air for the support of life, &c. 

It is remarkable, with respect to aeriform bo- 
dies, that they are all equally dilated by the same 
change of temperature, receiving an increase of 
^bout a third part of their bulk (37^ parts in 100) 
pn being heated from the freezing to the boiling 
point, of water, viz. 180", and their bulk being 
therefore doubled from the same standard point 
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by about 500^. This general trulii holds, not a&ly 
with respect to the more permanent airs or gases^ 
but also with respect to all steams or vapours in 
the dry state, that is, when not in contact with 
the liquid producing them. The probable reason of 
this uniformity is, that cohesive attraction, which 
yaries so much in different solids, modifjdng the 
effects of heat upon them, in aeriform fluids does 
not exist at alL 

The extent of this dilatation for airs is so much 
greater than for liquids or solids, that it forces it- 
self much more strikingly upon the common at-* 
tention. Thus a bladder containing considerably 
less than its fill of air, becomes tense immediately 
on being held to the fire. The air in a balloon 
just escaping from a cloud has been so suddenly 
expanded by the direct rays of the sun, as to have 
injured the texture of the balloon ; and probably 
some of the fatal accidents among aeronauts have 
thus arisen. Burning fuel conveyed into a vessel or 
case which can be suddenly and strongly closed, 
will produce an expansion of the air confined with 
it capable of bursting any ordinary material — ^in 
short, will produce an explosion. 

Now, if not before, at any rate soon after steam 
engines began to be used, and had so strikingly 
shewn to what important purposes the force of an 
expanding aeriform fluid might be applied, the 
tiiought would naturally occur that the force of 
common air dilating by heat might also be ren- 
dered useful. Accordingly a variety of air-expan- 
sion engines have been proposed, but as yet no 
one has been reduced to profitable practice. Had 
the truth been generally known, which very re- 
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c^t investigations have proved, that any given 
quantity of heat, when used to dilate air, produces 
about ibur times the quantity of expansive power 
that it does when used to form steam, the at: 
tempts to bring such an application of heat under 
contix)! #ould probably have beeb much more 
niAieroiis, and possibly by this time in a degree 
successful The sul^ect is do interesting that we 
«hall sutgoin a few remarks upon it 

To produce a cubic foot of common steam, 
Irbm water originally cold^ about 1,1^ degrees 
of heat are required^ as wiU be explained a f^w 
pages hence. The same quantity of heat would 
double the volume of about five cubic feet of at- 
mospheric air,— as is known from &e comparative 
Capacities for heat of the two substances, and the 
rate of dilatation of ^r when heated. Now the 
value for work of the foot of steam passing from 
tbe boiler into a waking cylinder would be^ to 
press up the piston of the steam-engine through a 
foot, as from c d to a bj with a force all the 
way of 15 lb. per inch of the piston sur&ce; while 
the working value of the five feet of air in dilat- 
ing to double bulk would be to lifit the piston five 
times as far as the steam, viz. 
frcHU g h to e f^ but with a 
force gradually diminishing 
as the expansion went on, 
from 15 lb* per inch at the be- 
ginning until the air had di- 
lated to its destined volume* 
when the force would alto- 
geliier cease : its whole effect 
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therefore would be five feet impulsion of the pis- 
ton, with a pressure the average between 15lbs. 
and nothing, viz. 7ilbs. per inch ;— iand the fric- 
tion in the two cases and the varying intensity of 
the latter pressure being neglected, the force of 
the air would be S^ times as great as that of the 
steam. But it is farther to be considered, that 
only about half the heat of a fire is applied to use 
in the steam-engine, viz. that part which enters 
the boiler, while the remainder passes up the 
chimney; and in an air-engine probably the 
whole might be applied. In an air-engine, more- 
over, there might be great increase of power from 
the combustion, or semi-explosion of the inflam- 
mable gas evolved from the fuel. As it was 
easy, long before the steam-engine was contrived, 
to determine the expansive force of steam, and to 
compare it with any other force ; by proceeding in 
a similar way with respect to heated air, we may 
estimate its expansive power to be four times 
greater than that of steam from an equal quantity 
of fuel, and when used at a common or low pres- 
sure. We see from this of what importance the 
discovery would be of a means enabling us effec- 
tually to apply the force of expanding air. 

If we suppose a fire a to be 
placed on a grate near the bottom 
of a close cylinder, d a, and the 
cylinder to be full of fresh air 
recently admitted, and if we then 
suppose the loose piston g dto 
be pulled upwards, it is evident 
that all the air in the cylinder 
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above d will be made to pass by the tube e through 
the fire, and will receive an increased elasticity 
tending to the expansion or increase of volume, 
which the fire is capable of giving it If there 
were only the single close vessel d a^ the expansion; 
might be so strong as to burst it ; but if another 
vessel 6 c of equal size were provided, commu- 
nicating with the first through the passage b, and 
containing a close-fitting piston c J, like that of a 
steam-engine, the expansion of the air would act 
to lift the said piston, and by means of it might 
work water-piimps, or do any other service which 
a steam-engine 6an perform. At the end of the 
lifting stroke of the piston y*c, it might be made 
to open an escape-valve for the hot air, placed in 
any convenient part of the apparatus, and to cause 
the descent of the blowing piston d to expel this, 
while a new supply of air would enter by another 
valve into the cylinder above d. The engine 
would then be jeady to repeat its stroke as before, 
and the working would be continued as in a 
steam-engine. 

The preceding simple conception of an air- 
engine occurred to the author's thoughts while 
considering the application of a condensed-air 
furnace to*some chemical purposes. It appeared 
to him that the chief difficulties to be surmounted 
in applying any such engine to use would be, to 
prevent the very heated air and dust fix)m in- 
juring the valves and other working parts of the 
engine, and to obviate the inconvenience of the 
inequality of power at different parts of the 
stroke. Various expedients occurred to him. The 
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overheating might be prevented by surrmindmg 
the cylmder, &c. with water ; and both cylinder 
and piston would suffer less from dust if, instead 
of the common piston c, represented above, a 
great hollow plunger a were used (such as is h&n 
represented, and is now common in water-pumps 
for miiies), embraced by an air- 
tight neck or collar at h c, which 
neck would be the only part of the 
cylinder requiring to be made wiHk 
nicety. But a more complete se*- 
curity would be obtained by inters 
posing water between the hot air 
and the pi^on, as represented ift 
this other dcetch, where the working cylinder d 

has a water-vessel 
b connected with it^ 
and the heated dr 
is admitted to press 
upon a float on the 
water-surface, tolift 
the working piston 
de. This construction, too, if desired, would 
allow the fire-chamber a to be made larger than 
the cylinder, and to be kept constantly filled with 
highly expansive air, each discharge of which 
into tibe space b would be replaced by cold air 
dther from the space above d^ driven in through a 
tube as the piston ascended, or from a distinct 
blowing cylinder worked by the beam. And if it 
were wished to apply the same principle to an 
engine working with double strokes, that is^ foro*^ 
iiig the piston alternately up and down, as .in the 
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double stroke steam-engine, the ol]^ct might be 
attained, by having a second water vessel j^ 
Gommunicating with the part of the working cy- 
linder above the piston rf; and the air would 
pass alternately to the one or the other vessel b or 
Jf by the operation of the cock c, as steam passes 
in a steam'^engine : the supply of fresh air to the 
chamber a would be given by a blowing cylinder 
worked through a connexion with the engine, as 
the air-pump of a steam engine is worked. 

The sketch of an air-engine, as here given, 
was included in the specification of a patent for 
another objectengaged in some y^ars ago by a friend 
c^ the author's ; but he being almost immediately 
called to other business, and the author's pro^ 
fessional engagements precluding his attention to 
the subject, it was not prosecuted. In the speci- 
fication, drawn up by an engineer in town, some 
minor adaptations were described One expe- 
riment has lately been made by a Swedish en- 
gineer with the simple form of dry apparatus 
described at page 72, for the purpose of ascer- 
taining its power, and the effect was found 
to be several fold greater than of steam from 
the same quantity of fuel ; but the apparatus was 
rude, and only calculated to prove in a short 
trial, the existence of the power, but not the fitness 
of the machine to endure long uninjured, and to be 
rendered easily obedient to control : a complete ex- 
periment therefore remains still to be made. Could 
an obedient and durable engine be contrived, at 
all approaching in simplicity to the plan given 
above, its advantages over the steam-engine would 
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be very considerable. First, its original cost would 
be much less, by reason of its. small comparative 
size, its simplicity, and the little nicety of work- 
manship required. Secondly, it would occupy 
much less room, and would be very light ; hence 
its peculiar fitness for purposes of propelling ships 
and wheel carriages. Thirdly, the quantity of 
fuel required being so much less, would not load 
the ship or carriage, leaving little room, as hap- 
pens in steam-boats, for any thing else. FQurthly5 
the expense of fuel and repairing would be litl^e. 
Fifthly, the engine could be set to work in a few 
minutes, where a steam-engine might require 
hours. Sixthly, little or no water would be re- 
quired for it. 

Another modification of 
air-engine, called a gas va- 
cuum engine, has lately been 
proposed, and many expen- 
sive trials have been made 
of it ; but it is in its nature 
a most wasteful machinet 
evidently throwing away at 
least nine-tenths of the 
power which its principle 
generates. It was of this na- 
ture in an experiment which 
the author witnessed. A little 
of the common coal-gas was 
admitted by the oock b at the 
bottom of the cylinder, a, 
and was there inflamed, the 
lid c being at the time 
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raised. The combustion rarified the lower stratum 
of air, so that the air above was expelled, and 
about one-fifth of the original contents of the 
cylinder was made to occupy the whole. The 
lid was shut down as nearly as could be judged at 
the moment of greatest expansion, so that when 
the small portion of air and vapour remaining was 
again cooled, the interior of the cylinder ap- 
proached nearly to the state of vacuum. It, in fact, 
retained only a fifth of the air. A communica- 
tion being then opened by the tube e from the 
vacuous cylinder to a water reservoir ten feet be- 
low, the water was driven up by the atmospheric 
pressure, and filled more than half of the cylinder. 
The water so raised was then made to turn a 
common water-wheel, and so to do work. — A 
larger quantity of water, however, could be raised 
to the same height at less expense by a steam- 
euj^ne. The proposer also hoped that he 
would be able to make the atmosphere pressing 
into his imperfect vacuum, act directly upon a 
piston as steam does, and with power cheaper 
than that of steam ; but in this anticipation too 
he was completely in error. To produce his im- 
perfect vacuum cost him very nearly at the same 
rate as it costs to produce the perfect vacuum in 
a steam-engine, and his vacuum for equal bulks 
was worth, as a working power, only about one- 
fourth as much as the steam vacuum. This may 
be understood by considering that in a perfect 
vacuum a piston rises all the way with the same 
force, which if common steam be used, is 15lbs. 
per inch (the piston may be supposed to rise 
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p from c d U> a b\ but if the 

/ vacuum were only three-fourths 

^ towards being perfect, the pres- 

^^ sure on the piston would be only 

SBkJ^ three-fourths of 15 lbs* at the 

commencement of the stroke,^ 

would then rapidly diminish, and would have 

ceased altogether when the piston had made three- 

quarters of its journey, or to f. The force in the 

first case would be represented by the whole line 

€ d and the square space cdba^ and in the second 

by the shortening lines and the triangular space 

cef. 

On e<Hisidering the foregoing diagrams we may 
perceive that in the vacuum-engine, by far the 
^eater part of the force produced by the com* 
bustion of the gas is absolutely wasted, or put to 
no use, vix. the whole expansive force during the 
sudden combustion or explosion. It is evident 
that if a tenth part of the aeriform contents of a 
cylinder acquire elasticity enough, — and a four- 
teenth part in a nice experiment does so — to be 
able afterwards to occupy the whole cylinder, it 
must begin its expansion with the force of a ten- 
fold atmospheric condensation, that is, a pressure 
of 150lbs* on the square inch of a piston with, 
standing it, which pressure will then gradually 
diminish as the piston rises, but will amount to 
an average of five times the atmospheric pressure^ 
or 75 lbs. per inch all tiie way ; being therefore 
quadruple or more, that of steam against a perfect 
vacuum, and therefore again, by our former cal- 
culation, at least twelve times greater than the 
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force ditaiiied from the impeifect vacuum of die 
eogkfce under eonsideration. 

It is a question which the autilior thinks will (me 
dfty be answered in thje affirmative, whether nearly 
&e whole force of exploding gas may not be cou<* 
verted into a calmly woridng power, producing 
from a given expenditure, ten times or more the 
efiect obtained in the vacuum engine described 
above, and therefore more than from a steam-engine 
incurring die .same expense. There are p]X)bably 
various ways in which the object may be lattained* 
The following sketch is offered merely' to give the 
reader an idea of a machine for such a purpose* 
.0^ Suppose h to be a very heavy 

close-fitting piston sliding vx 
the cylinder around it, and 
suppose the space d open to 
the cylinder, to be filled with 
atmospheric air of double or 
greater density ; then if a 
mixture of explosive gases ad- 
mitted by a cock to the cham- 
ber a (formed between the 
pkton and end of the cylinder) be inflamed, the 
heavy piston will be shot forward, like a can* 
non ball, against the condensed air in d\ and 
owing to the momentum acquired in the firat in- 
stance, it will advance much beyond the point 
where the exploded gas and. air in d would ba* 
lance each other at rest: — the quantity of gases 
admitted would be just such as to carry it to the 
end of the cylinder. The piston rod e would 
then by a catch or ratchet, be connected with the 



T 



80 .HEAT. 

work to be done, and after the condensation of 
the exploded gases in the cylinder, would be 
pressed back again, with the double^ or greater 
than atmospheric force in d, as if urged by high 
pressure steam. The first figure at page 7^ re- 
presents a form of cylinder which might also 
answer for this purpose, the heavy plunger being 
thrown up, to work by its weight in descending. 

It is to be remarked that the first modification 
of air engine described at page 7^, is partly an 
explosive engine such as contemplated above, for 
the gas separated from the coal during the mo* 
ment of slackened combustion while the lately 
used air is passing out, becomes an explosive 
accumulation for the fresh air about to enter. The 
trial alluded to above proved this to be the fact. 

" The ea^pansion of bodies hy heat increases more 
rapidly than the temperature^ and particularly 
near the melting and boiling points^ that is, their 
points of changing into liquid or air, being however 
exactly proportioned to the temperature after the 
change into air.** (See Analysis, page 6.) 

If a. given quantity of heat, of that for instance 
contained in some measure of boiling water or of 
common steam, be added to a mass of cool water, 
it will produce in this a certain increment of 
bulk ; and if other equal quantities of heat be 
afterwards successively added, under the nice 
management which such an experiment requires, 
each new addition will produce a greater incre- 
ment of bulk than the preceding, particularly 
when the water approaches to boiling; but 
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after the water is converted into steam, any 
farther increase of bulk will be exactly propor- 
tioned to the increase of temperature. The same 
truths may be proved by the converse experiment 
of abstracting successively equal quantities of 
heat from steam or water (as by making it melt 
equal quantities of ice), and noting the rate of 
contraction. What is thus true of water in rela- 
tion to heat is true also of bodies generally, each 
however having a rate of expansion and tempe^ 
ratures for melting and boiling proper to itself. 
The quickened rate of expansion in solids and 
liquids might have been anticipated from reflect* 
ing, that each successive quantity of heat added to 
a mass, meets with less resistance to its expanding 
power than the preceding, owing to the diminish-* 
ing force of cohesion of the particles as the mass 
expands : while in an air or gas, again, as cohesion 
has altogether ceased, each addition of heat is at 
liberty to produce its full and equal effect. If 
the capacity of substances for heat did not in^ 
crease with their bulk, the terms ^^ increase of 
heat *' and " increase of temperature *' would 
have the same, meaning, and this subject would be 
more simple. 

The reflection will naturally occur here, that as 
in the common thermometer the mercury must 
rise or expand more for a given quantity of heat 
added at a high temperature than at a low tem- 
perature, the scale should be divided to corres- 
pond with the inequaUty. Now this reasoning is 
. good, but the difficulty of complying with it in 
practice is such, that the inconvenience of the 

G 



82 HEAT. 

slight error arittog from an equal divifiion is M|b- 
mitted to. An air thermometer with equal divi- 
sions is very .correct^but from wanting m^ny of the 
advantages of the mercurial tiiermometer is little 
employed ; and fortunately it happens that in. the 
mercurial thermometer there is such a counter- 
balancing relation between the expansion of the 
mercury and of the containing glass, as to render 
the error alluded to, at least for any middle range 
of temperature, very trifling. The subject of 
unequal thermpmetric dilatation in the same liquid^ 
and of differences in different liquids, depending 
on the proximity to their boiling points, &c., is 
well illustrated by Du Luc's experiment of filling 
different thermometer-glasses with different, li- 
quids, and noting their comparative indications 
when heated through the same range of tempe- 
rature«. He marked on each the points:at. which 
the. liquid stood when the glass was placed in 
freezing and in boiling water, and theQ divided 
thie intervening spaces into eighty pailis or de- 
grees. The discordance of their dilatations is 
here detailed. 
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The singular discrepancy in the case of water is 
owing to die pecoliarity described in former pages^ 
of its contracting by cold only down to 40** of Fah- 
renheit, and then dilating again until it freezes. 

Laborious investigations have been made by 
the French chemists to discover a comprehensive 
law determining the rate of expansion in all bodies, 
but the object is not yet satisfactorily accom- 
plished. 

V To melt a solid body^ or to vaporize a liquid, a 
large quafitity qf heat enters it, but in the new 
dirrangement qf the particles and generalfy in^^ 
creased volume qf the mass, the heat becomes 
hidden from the thermometer and is called Latent 
Heat. // re-appears during the contrary changes^ 
afier whatever interval^* (See the Analysis, 
page 6.) 

The expansion of bodies by heat, instead of 
proceeding throughout in some nearly uniform or 
gradual manner, exhibits in its course two sin- 
gular transformations of the body, viz. when the 
solid breaks down into a liquid, and when liie 
liquid swells out into an air or gas. The sub- 
stance of water, for inst^tice, when at a low tem- 
perature, exists in the solid form called ice*, but 
at 32"^ of Fahrenheit it becomes liquid or water, 
and at QIQ"", even under the resisting pressure of 
the atmosphere, it suddenly acquires a bulk nearly 
2,000 times greater than it had as a liquid, bdng 
then called steam or aeriform water. And other 
bodies under analogous drcumstances undergo 
similar changes. It is further. remarkable, that 
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although during the changes a large quantity of 
heat enters the mass, producing in the one ease 
liquidity, in the other the form of air, the tem- 
perature is the very same, immediately after, as 
it was before. Water running from melting ice 
i^ects the thermometer but as the ice does, and 
steam over boiling water appears no hotter than 
the water. Hie glory of originally making the 
discovery of the facts now referred to by the terms 
latent heat^ or caloric ofjlrudity^ belongs to the illus- 
trious Dr. Black. The construction of the mo- 
dem steam-engine was an early result of kindred 
investigations made by Dr. Black^s friend, James 
Watt 

We select the following instances as serving to 
display the subject of htent heat in its various 
bearings. 

A mass of ice brought into a warm room, and 
therefore receiving heat from every object around 
it, will soon reach the temperature of melting or 
82% but afterwards both the ice and the water 
formed from it will continue at that temperature 
until all be melted: — ^the heat which still con- 
tinues to enter, effecting a change only in the 
form of the mass. And in the case supposed, 
whatever time was required for heating the mass 
of ice (me degree^ just one hundred and forty times 
as much will be required for melting it j proving 
that 140^ is the latent heat of water. 

If two similar flasks, one filled with ice at 32% 
and the other with water at 32% be placed in the 
same oven or over the same flame, the water will 
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gain 140 degrees of heat while the ice is merely 
di^olving into water at 32"" : and in the course of 
the experiment, a correspondence will always exist 
between the phenomena ; for instance, when the 
water has gained 14^ of heat, it will be found that 
just a tenth part of the ice is melted. 

If equal quantities of hot and cold water be 
mixed together, the whole acquires a middle tem- 
perature, each degree lost by the hot water be- 
coming a degree gained by the cold: but if a 
pound of ice at 32^, and a pound of water 140'' 
hotter be mixed together, the 140° of heat will 
go merely to melt the ice, for there will result 
two pounds of water at 32^ 

If a flask of water at 32°, or its freezing point, and 
a similar flask of strong brine at 32% biit which 
does not freeze until cooled to near zero, be ex- 
posed together in the same cold place, it will be 
fbund that when the brine has lost 10° of its heat 
the water flask will still exhibit an undiminished 
temperature, but a fourteenth part of its contents 
will be converted into ice. Now as in such a case 
the water flask must continue to radiate away heat 
just as much as the other, it can maintain its tem- 
perature only by absorbing into its general mass 
the heat which was latent in the portion of wate? 
frozen. 

It is possible by cooling water slowly and in 
perfect repose, to lower its temperature, while yet 
liquid, ten degrees below its ordinary freezing 
point; but then, on the slightest agitation, ice 
will be formed. It might be expected in such a 
case, that the whole water would instantly freeze^ 
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because all col4er than common ice ; but no, only 
a fourteenth part does so^ and singularly, both 
that fourteenth and the remaining liquid are ren« 
d^ed.in the moment ten degrees warmer. Here 
tb^ 140^ of latent heat escaping from the four- 
teenth part which free2;es, become 10"' of sensible 
heat for the whole mass, so that the remaining 
water has t^e temperature at which it only begins 
to freeze. 

Strong solutions in hot water of various neutrai 
salts, if allowed to cool while exposed to atmos- 
pheric pressure, soon deposit crystals of the salts ; 
but in a close vessel protecting them from such 
pressure, they will remain liquid even when cold. 
Now at the moment. of opening such a bottle, the 
salt immediately crystallizes, and the latent heat 
giyen out by the solidifying particles warms very 
sensibly the remaining liquid and the bottle. 

From the preceding facts it may be perceiv^, 
that the quantity of ice formed or melted in any 
case, becomes a correct measure of the quantity 
of heat transferred. From this consideration, the 
illustrious Lavoisier constructed his calorimeter, 
or heat-measure. It is a case or vejssel lined with 
ice, and the quantity of heat given out by any 
body placed in it is indicated by the quantity of 
water collected from the melted ice. 

Had the latent heat of water been only Vot2'' 
iDStead of 140% the earth, except in its tropical 
regions^ would have been scarcely habitable* 
The cold of a single night might have frozen an 
ocean, and the heat of a siii^le day might have 
converted the accumulated snows of a winter into 
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one sudden and frightful inundation. As the fact 
iSf however, both changes are beautiftiUy gradual, 
and easily controlled or prepared for. 

The fact of latent heat in other liquids than 
water is familiarly exhibited in the slow melting 
— of the metals j lead or pig-iron for instance— ^f 
butter or oils — of glass, &c. ; and oti the other 
hand, in the slow solidification of the melted 
masses when heat is again abstracted. 

The substances below enumerated, while passing 
from the solid to the liquid state, absorb and 
render latent the quantities of heat here noted : 

Ice 140^ 

Mercury ••• 142 

Bees'-wax I70 

Tin 442 

Zinc 492 

If a piece of frozen merciury (the temperature 
of which is at least 40"* below zero) be thrown 
iQto a little water, the latent heat of the water 
immediately passes into the mercury and melts 
it, but then the water is so cooled as to become 
ice. 
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" Latent heat of aeriform JluidsJ 

Water in a vessel placed over a fire gradually 
attains the boiling temperature or 21^% but its 
temperature then rises no more, because tlie far- 
ther addition of heat becomes latent in the steam 
escaping during the ebullition. The quantity of 
heat which becomes latent in steam is discovered 
by noting how much more time is required for 
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boiling a quantity of water to dryness, than for 
merely heating it a certain number of degrees. 
The experiment indicates about IjOOO*" ; that is to 
say, that 1,000 times as much heat is latent in 
any quantity of water formed into steam as would 
raise the temperature of the liquid water one de- 
gree. Watt had found that water in a v^issel 
placed over a lamp was about six tinies as long 
in being completely evaporated, as in being ori- 
ginally heated from an ordinary temperature to 
that of boiling. 

If we place in the same oven or over similar 
flames two like vessels containing water, one of 
which vessels is open at top and the other is 
strongly closed, the two will gain heat equally up 
to the boiling point, but afterwards the open 
vessel from giving out steam will remain at the 
same temperature, while the other, by confining 
all the heat that enters, will shew the temperature 
rising as before, until the increasing tendency of 
the water to dilate forces the vessel open. Sup- 
posing the water in the latter vessel, before vent 
is given, to have become lOO® hotter than com- 
mon boiling water, instead of the whole being im- 
mediately converted into steam as might be ex- 
pected, only a tenth part will be so changed (the 
same quantity as will be found to have already es- 
caped from the other vessel), for the tenth part 
requiring in the form of steam 1,000** of latent 
heat, will take the excess of 100** from the oilier 
nine parts, and will leave them as common boiling 
water. If water heated considerably beyond the 
boiling point be allowed to expand very suddenly. 
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the whole is blown out o£ the vessel as a mist, by 
the steam formed at the same instant through 
every part of the mass, but the whole mass in such 
a case is no more converted into true steam, than 
the whole of very brisk ^o^to water is converted into 
air when sunilarly thrown out by the sudden extri- 
cation of the carbonic acid gas, on uncorking the 
bottle. Misconception of this matter has led to 
most wasteful experiments on steam-engines of 
very high pressure. 

The same indication of the latent heat of steam 
is obtained by the converse experiment of first 
converting a quantity of water into steam, and 
then admitting it to cold water or to ice. A pound 
of steam will raise the temperature of ten pounds 
of cold water 100 degrees, or will melt about 
8^ pounds of ice. 

In the great quantity of heat which becomes 
latent in steam, we perceive the reason why water 
projected upon a raging fire so powerfully re- 
presses it : — and hence again why ^re and water 
are so often adduced proverbially as furnishing a 
striking contrast 

It was when Watt had discovered how much 
heat was lost by losing steam, that he contrived 
the separate condenser for his steam-engine, by 
which he saved tiiree-fourths of the fuel formerly 
used.. 4^ H * -f 

Substances difirer among themselves in regard 
to the latent heat of their vapours as much as in 
their other relations to heat. ITius the latent 
heat of the vapour or steam of: 
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Water , 19 ..•.. J,QQO* 

Vinegar 900 

Alcohol 442 

Ether 300 

Oil of turpentiiie. . . I77 
From the less latent heat in other vapours than 
in that of water» we might at first suppose that 
there would be great advantage from using them 
in steam-engines. Accordingly numerous expe- 
riments have been made, and patents secured 
under this idea ; but the fact is, that in the same 
proportion as the heat is less, the volume of the 
vapour is less, and therefore no mechanical advan- 
tage is obtainable. 

The influence of external pres^sure in keeping the 
particles of liquids together in opposition to 
the repulsion of heal seeking to render their 
mass aeriform, was considered in the chapter 
on * Pneumatics ;* but to make the present 
section complete, the subject must be here 
shortly resumed. 

Because any liquid, water for instance, while 
receiviug heat remains tranquil, and appareptly 
unchanged, until it reaches the boiling point, at 
which bubbling or conversion into vapour takes 
place, we might suppose its ordina^ry boiling t^rn* 
perature necessary to enable it, under any cir^ 
cumstances, to assume or to maintain the form of 
air. But this is no more tni^ tbc^n that a com- 
mon spring compressed against an obstacle has na 
tendency to expand or recover itself until the 
obstacle happen to give way. Liquid water with 
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its heat is really a spring much compressed by 
the weight of the atmosphere, and seeking to 
expand itself into steam with force proportioned 
to its temperature. Even at 32% or its freezing 
point, if placed in a vacuum, it assumes the form of 
air, unless restrained by a pressure of 1^ ounce on 
each square inch of its surface; ; and at any higher 
temperature the restraining force must be greater : 
at 100'^, for instance, it must be 13 ounces ; at 
150% 4 lbs. J at 212% 15 lbs.; at 250% 30 lbs., and 
so on: — and whenever the restraining force is 
much weaker than the expansive tendency, the 
formation of steam will take place so rapidly as 
to produce the bubbling and agitation called 
boiling. Now it is because the atmosphere or 
ocean of air which surrounds the earth happens 
to have in it 15 lbs. weight of air over every 
square inch of the earth's surface, and presses on 
all things there accordingly, that 21 2** is called 
the boiling point of "water. An atmosphere less 
heavy would have allowed 
liquids to burst into vapour 
at lower temperatures, and 
one more heavy would have 
had a contrary eflfect-r-*Th€ 
exact degree of expansive 
force for every, degree of tem- 
perature in water and other 
liquids, has been ascertained 
by heating th^m in vessels 
furnished either with properly 
loaded valves, as at y in this 
figure, or with a tall upright 




92 HKAT, 

tube, as d b, into which the liquid c may £otQt 
a column of mercury to an elevation marking 
the expansive tendency ; the valve and mercury 
being of course protected from the external atmos^ 
pheric pressure, or the necessary allows^nce being 
made for that pressure. BoiUng at the bottom of 
a deep vessel is resisted by the weight of the 
liquid in addition to that of the atmosphere, as 
already explained, and consequently the tempe- 
rature at which it occurs is there higher than near 
the surface of the vessel. Boiling heat is greater 
also in other cases, as — ^in a deep mine, where of 
course there is additional depth and weiglit of at- 
imosphere over any exposed liquid, — at times when 
the barometer is unusually high, that is to say, 
when the atmosphere is unusually heavy — ^in 
cases where air or steam is confined over the boil- 
ing surface so as to press more upon it, as when 
brewers for a time shut the lid or valve of their 
great boilers, &c. Water placed on the fire in a 
strong vessel, from which steam cannot at all es- 
cape, may be rendered even red-hot, without a 
bubble forming or one particle being dissipated ; 
but the tendency to expand into steam is then 
great enough to burst any known material of mo- 
derate thickness. The Marquis of Worcester ex- 
ploded a cannon by shutting up water in it, and 
then surrounding it with fire. — Boiling tempera- 
ture is lower again when the experiment is made 
on mountains or in other situations above the 
level of the sea, where there is less height of air 
resting over the boiler. In the city of Mexico, 
which is 7,000 feet above the sea, water boih 
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before it reaches the heat cf iiOO^, instead of, as 
in places near the sea-level, at ^1^". WoUaston's 
thermometer, beautifully adapted for determining 
the height of mountains, balloon ascents, &c., by 
merely indicating the heat of boiling water in any 
situation, is a fine illustration of this truth. If in 
any place we take off the atmospheric pressure 
from a liquid, as by placing it in the receiver of 
an air-pump, it will boil at very low temperatures 
indeed. Water thus treated boils at 70^ which is 
20** below the heat of some English summer days, 
and ether boils when colder than common ice. 
Grenersdly, in a vacuum, substances boil at a tem- 
perature 124** lower than while restrained by the 
atmospheric pressure. 

Consequences of these truths respecting the boil- 
ing temperature, are the following. 
As water when heated dilates itself in the form 
of steam, the steam presses on a given extent of 
surface with the same force as the water itself 
would do ; and in a steam-engine, the temperature 
of the water tells the degree of force which the 
steam is exerting on the piston. 

Because in the case of steam, the same law 
holds as for aeriform fluids generally, m.that the 
outward elasticity or spring increases in propor- 
tion as the fluid is more condensed — ^high-pres- 
sure steam is merely condensed steam, just as 
high-pressure air is condensed air -, and to obtain 
a double or triple pressure, we must have twice or 
thrice the quantity of steam under the same 
volume. 

The reason that high-pressure steam issuing 
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from A bailer heated perhaps to 300% is Dot hotter 
than low-pressure steam from a boiler at 212% is, 
that in the instant when the high-pressure or con- 
densed sieam escapes into the air, it expands until 
balanced by the pressure of the atmosphere, that 
ifi, until it become low-pressure steam, and it is 
cooled by the expansion, as air is cooled on es- 
caping from any condensation. 

The vessel called Papin*s Digester^ is merely a 
pot, which can be kept closed in spite of the 
force of the steam formed within it ; and in such 
a vessel water can be heated fiir beyond the or- 
dinary boiling point, — enough, for instance, to 
dissolve and extract all the gluten or jelly of 
bones, and to form from them a rich soup where 
common boiling would procure nothing : — or even 
enough to melt lead. 

The person who urges a fire under a boiling pot 
with the hope of making the water hotter, is 
foolishly wasting the fuel, for the water can only 
boil, and it does so at 212® of the thermometer. 

As different substances under a given pressure, 
become aeriform at different temperatures, mix- 
tures of such may be decomposed by heat. If a 
mixture of spirit and water, for instance, be placed 
over a flre, the spirit will boil off long before the 
water. If the spirituous vapour be caught apart 
and condensed, it is said to have been distilled. 
Other distillations are of the same nature. 

The instrument here re- 
presented consists of a glass 
tube blown into bulbs at 
the two eiids a and*£, and 
hermetically sealed, after 
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recetving into it some water^ tiut no ain If one of 
the bulbs be heated more than the other, the st^un 
or vapour in that one will, for the reasons stated 
above, be denser and stronger than in tibe other, 
and will therefore force its way into the otiier ; 
but, owing to the lower temperature there, a 
part of it will be condensed, making room for 
more. Hence, if the difference of temperature 
between the bulbs be long maintained, the whole 
water will by a sort of distiUfition gradually pass 
into the colder bulb. If the difference of tem- 
perature become at any time considerable, the 
liquid will boil in the warmer bulb, even althoi^h 
the source of heat be only the living hand grasp- 
ing it. 

To the author it appears that by a larger appa- 
ratus made on this, principle,, fresh water might 
be conveniently obtained from salt-^Water on board 
ship, or on an island having no fresh springs. 
Suppose any two air-tight vessels like a and 6, 
communicating by a tube furnished with a stop- 
cock near by then if the vessel a were filled with 
salt-water, and were heated by being exposed to 
the sun (its surface being blackened and pro- 
tected by glass from the cooling effect of the 
air), and if the other vessel J, after being also 
filled with water, were made a vacuum by pump- 
ing the water out from ihe bottom, and were then 
kept as cold as possible by wetted coverings and 
a current of air, — on opening the cock at 6, 
vapour would pass over from the heated vessel 
to be constantly condensed in the colder, and 
there would be a distillation from the sea^water 
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of rperfectlj sweet water by the natiifal action of 
the sun alone. Cases have occurred where a 
knowledge of this fact would have saved sinp- 
wrecked .crews ^om perishing, by thirst ; and 
there are rodcy islands in the ocran which would 
become, pleasantly habitable by the adoption ;of 
such a means, whqre now there is. no supply, of 
firesh water, but from precarious rain or importa- 
tioh from abroad. . < 

When a substance has reached the temperature 
at which it boils, that is to say, at which its^ va- 
pour becomes a balance to the atmospheric pres^ 
sure, its dilating force is stirong indeed. Persons 
may not F4|flectr that l^lbs* on a square inch is abdu€ 
a ton on a square foot, — and such is the power with 
which the vapourof all boiling substances rises from 
them«-sufficient in a single Cornish steam-engine 
to urge the piiftton with the power of 600 horses J 
But the tendency to expand at temperatures much 
below boiling, is still, as already stated, very 
great, and although not attracting common iatten: 
tion, is silently working many beautiful and im-^ 
portant ends in the economy of nature. As into 
a perfect vacuum, freezing water gives out a steam^ 
or vapour that would liflt with force of 1^ ounce 
per inch, or 16 lbs. on a square foot, and even 
solid ice gives oat its vapour of nearly equal 
strength;' so also do otiier liquids and solidn. 
There is an aeriform mercury, dense in proportion 
to the temperature, in the apparently empty space 
caUedr the Torricellian vacuum, over the mercury 
in a barQmeter tube ; and around c^miphor, all 
the essential or volatile 6il», &c./diere is shsiilarly 
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an atmospbere of the idbstance in the foarm of 
air. 

It had for a considerable time been known .Hiat 
i&to a perfect vacuum bodies emitted almost in- 
stantly, in the form of air, a quantity of their 
substance proportioned to their temperature; but 
it was reserved for Mr. Didton to make the ad-^ 
mirable discovery, that even into any spac^ filled 
ivith air these vapours arise in quantity and den-* 
sity the same as if air were not present — ^the two 
fluids seeming to be independent of each other, 
with the exception that in a vacuum the equal 
diffiisiMi of a vapour takes place at once, while in 
H situation already occupied by air, it proceeds 
imly as the vapour can force its way through the 
|wrticle& of the air, and in general takes place by 
f^.tiran^il evaporation from the surface instead of 
tbe agitation of ebullition. In an apa^ment with 
an open vessel of water in it, there is soon, al- 
though invisible, a steam or watery vapour mingled 
with the air, as dense as if the room were a va- 
cuum at the same temperature. 

Consequences of this important truth are the fol- 
lowing. 

That it is only an atmosphere of the substance 
of ench body, which by pressing on it can prevent 
its further dissipation by heat. Thus we can only 
save camphor, musk, smelling oils, spirits, water^ 
&c., by placing them in closed bottles or vesads» 
in which, additionally to the m present, an atnios- 
ph^re^pf tlmr own substance is :Soop formed in: 
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volviog the. remaining masses with pressure pio^' 
portioned to their temperature and its density* 

The important process of drying things is merely 
the placing them under an elevated tempeiature 
if attainable, and in an atmosphere not contain- 
ing so much of the liquid as to be saturated at 
the temperature. The effect of wind or motion 
of the air in quickening evaporation, is owing td 
its removing air saturated with the moisture, and 
substituting air which is not — thus producing 
nearly the case of the substance placed in a 
vacuum. 

If air at a certain temperature, c(mtain mixed 
with it as much water as can be sustained in the 
form of invisible vapour at that temperature, and 
if by any cause, as by rising in the atmosphex^,' 
the air be then cooled, it will abstract heat from 
the vapour, and cause a portion of this to be 
precipitated or visibly condensed into a fog ot 
rain. Water rising as invisible vapour from th^ 
surface of a lake or river, when it has reached 
a certain height, is condensed into the stratum 
of clouds, which at times usefully protect the 
Aelds from the intense meridian sun, and may fall 
again as refreshing showers over the country. 

It is the tranquil and invisible evaporation of 
\ehich we are now speaking, which lifts from the 
surface of the wide ocefin all the water which; 
after condensation, is again returning to it in the 
myria^ds of river streams which give life and 
beauty to the face of nature* 

In warni climaites there are inlets of the sea, 
shut off occasionally from the pdirent ocean, and 
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where, after the sun's rays have drank up all the 
water,the deposited salt remains to be carried away 
in loads for the uses of man, as sand is carried 
from any ordinary shore* There are in the bowels 
of the earth prodigious accumulations of salt, 
formed doubtless in the same way, during the 
revolutions of the isintediluvian world, and now 
explored as salt-mines. When the Nile overflows 
its banks with waters, dissolving, although in 
almost imperceptible proportion, mineral sub* 
stances brought from central Africa, and fills 
reservoirs afterwards dried up by the sun's heatj 
it leaves in these a rich store of crystallized natron 
or soda. 

The following are other instances of vapour, 
invisible while at a higher temperature, being 
thickly precipitated when air, with which it is 
mixed, is cooled, or when it touches a coldei^ 
solid body : — the steam observed at * night and 
morning hovering over brooks and marshes heated 
by the sun during the day :— the frost-smoke, as 
it is called, which lies on the whole face of the 
Greenland seas in the beginning of winter, where 
the water warmed by the long day of the polar 
summer, continues to emit its vapour for a con- 
siderable time after summer is past, into ah atmos-f 
phere become too cold to preserve it invisible :— 
the breath or perspiration of animals, of horsey 
in particular after strong exertion, becoming so 
strikingly visible in cold and damp weather, or 
even in warm weather, when the air is already 
charged with moisture : — ^in cities where there 
are deep drains communicating with kitchens; 

H 2 
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fnanpfactones, &c., and constantly . filled with 
mwst.and wann air; the vapour-loaded air^ al^ 
though clear or transparent below, immediately 
on escaping into a frosty atmosphere, lets go its 
moisture, with the appearance of steam issuing 
from a great subterranean cauldron. Steam over 
water in any boiler is transparent or perfectly 
aeriform — as may be seen when water is made to 
boil in a vessel of glass, but as soon as it is cooled 
by contact or admixture of colder air it ceases to 
be true steam,and is condensed into small particles 
of water suspended in the air. Many persons, 
while thinking of steam, figure it only in this 
latter state, as particles of water mixed with air 
iiearly as a subtle powder might be mixed, and its 
substance occupying really no more space than 
the original water did. Now until steam is cooled 
and condensed, it is of a nature to fill alone any 
apprppriate vessel and powerfully distend it, just 
as air fills and distends a bladder. Steam issuing 
frpQ) the spout of a kettle is hardly seen near the 
mquth, but as its distance from the spout in* 
creases, it is cooled into a thick cloud or va- 
pour. 

In a yesisel from which air and atmpspheric 
pressure are excluded, even the temperature 
of freezing water being sufficient to maintain 
permanently in the state of gas or. air, many 
substances which exist as liquids under the at- 
iqpspheric pressure, — and the whole mass of such 
a substaqce when placed in a vacuum, not being 
instantly converted into, gas because the por- 
tion which first rises becomes an atmosphere 
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weighing upon the remaining niass, and because, 
moreover, that portion, by absorbing from the 
ittiass much heat into the latent state, cools the 
mass much below the freezing point; — ^we see 
why the liquids now spoken of are so rapidly 
cooled to at least the freezing point if placed 
where a vacuum can be maintained, that is to say, 
where, after common air has been removed, the 
aeriform matter rising from them, and absorbing 
their heat, is promptly and in a continued manner 
abstracted. It is thus that water placed in the 
exhausted receiver of an air-pump is so rapidly 
cooled, and that when there is beside it a vessel 
of concentrated sulphuric acid, or other substance 
capable of absorbing the watery vapour as formed^ 
it is soon reduced to the state of ice ; or again, 
that water, or even mercury, surrounded by ether 
evaporating in a vacuum, is so quickly frozen. It 
is thus also that if one bulb of the instrument de& 
scribed at page 99 be immersed in a freezing 
mixture, the water in the other and distant bulb 
will soon become ice ; for the vapour rising from 
that water into the vacuum maintained throughout 
the apparatus by the freezing mixture, is imme« 
diately cbhdensed again in the imiiiersed bulb, 
and leaves the vacuum still free for the ascen£ of 
more vapour, to carry away more heat from the 
water as latent heat, and to make it freeze. 

As we have explained also, that in a liquid 
there is the same tendency to evaporate whether 
it be or be uot exposed to the air, we see (he 
reason why all evaporation is a very cooling pro*, 
cess. The effect however in air, is neither so rapid 
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Xi6r SO great as in* a vacuum ; first, because th^ 
presence of the air impedes the spreading from 
the liquid surface of the newly formed vapour^ 
and keeps it where its pressure resists the forma- 
tion of more vapour ; and, secondly, because the 
air in contact with the liquid, shares its higher 
temperature with the liquid. Still in India flat 
dishes of water, placed through the night on beds 
of twigs and straw kept wet and in a current of 
air, soon exhibit thin cakes of ice — and thus ice is 
procured in India for purposes of luxury. 

The absorption of latent heat in the evaporation 
which goes on from the sea and earth in all warm 
climates, greatly tempers the heat of these clii 
mates, and the vapour afterwards spreading to 
the poles, as explained in * Pneumatics^ under 
the head of mndSy carries M'^armth thither to be 
given out when it is re-condensed into the form of 
rain, or is solidified as snow. The formation any 
where of mist or rain warms the air most sensibly, 
by the liberation of the latent heat from the pre- 
cipitated vapour. Again, the liquid water which 
during winter is converted into snow or ice had 
been a reservoir of latent heat stored to temper 
the frosty air of the commencing cold season; 
and in the following spring, such ice and snow 
serve as empty receptacles in which the first vio- 
lence of the returning sun hides or expends itself; 
illowing the temperature to change more gra- 
dually, and for many living beings therefore more 
safely. The vast stores of ice and snow among 
high mountains, as among the Alps and Pyrenees, 
are often stores of mild temperature to regions 
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around ; for besides cooBng the air nau: them, 
tbej are the neveir-fidlii^g sources of the rivers 
wMch run from ihem during the whole of sum- 
mer^ carrying freshness through the lands :-«^rom 
the Alps, for instance, proceed the Rhine and 
Rhone — most romantic and beautiful of European 
stneama ; dnd from the Pyrenees, the little GSve, 
&c., which while channels around from lower re- 
gions are almost dried lip by the isummer heat, 
flows only the more freshly as the heit is greater^ 
and the feeding snows are more abundantly dis-* 
solved. 

Men in artificially raising temperatures are gene-» 
rally causing the liberation of heat which had 

. been previously latent, and in lowering tem- 
perature or producing cold, they almost solely 
effect their purpose by rendering a quantity of 
heat latent. 

* Lavoisier thought that the heat of all combus* 
tion was merely the latent heat of the oxygen gas 
concerned in the combustion, given out during its 
combination with the burning body. It is so ill 
part, but Ive now know that it depends more on 
the intensity of the chemical action between the 
combining substances. The water thrown upon 
quick lime to slake it; becomes solid iti combina^ 
tion with the lime, and gives out its latent heat so 
remarkably as often to set fire to a wooden vessel 
or ship containing it 

When dwelUng-houses, green-houses, manufac- 
tories, &c. are warmed, as is now common, by 
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the admission of steam into systems of pipes 
which branch over them, the heat is chiefly that 
lately latent in the steam, and which spreads 
around as soon as the steam, by touching pipes of 
lower temperature, w condensed to a state of 
water. The modes of most profitably effecting 
these purposes have to be coviridered in a fu- 
ture chapter. 

For producing artificial cold, our processes ge^ 
nerally involve the circumstance either of a solid 
changing into a liquid, during which it absorbSj 
and hides in its new constitution much of the 
heat previously sensible in it and in the liquid 
dissolving it, or of a liquid changing into vapour^ 
during which heat equally becomes latent. Thut 
by dissolving a salt, ni^e for instance, in water 
we obtain a solution very cold. 

In India the common mode of cooling win< 
for table is to surround the bottles with nkre thul 
melting ; and the water of the solution being eva 
porated again before next day, the salt is lef 
rjeady for use as before. Such is the mutual at 
traction of water and many salts, that they rcfa 
dUy combine with form of liquid, even when thi 
water is used in the solid state of ice ; and as b6t] 
the water and. the salt then make heat latent, th 
fall of temperature is very great Thus commoi 
salt and snow mixed, dissolve into liquid brin 
S7** colder than freezing water, or 5^ below th 
zero of Fahrenheit. 

The following is a short table of easily pre 
cured freezing mixtures : 
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Frigorific Mia^ures. 

Substances mixedl ' lliermottieter sinks. 

Common salt ,... 1 part^ From any temperature to 5* 

Siioir» or pounded ice... 2 — / below zero. 

Nitrate or ammonia 5 - J ^^^^ ^'^^• 

Snow..,,... 3 — -I From 32<» above, to 23<» be- 

Diluted sulphuric acid ••• 2 — J low zero. 

Fused potass 4 — ") From 82^ above, to 5P be- 

Sdow 8 -T- / low zero. 

ffir'HfEE:::::: 5 = } f™™ «. » o. « »,. 

We have already described under other heads 
Ihe frigorific effect of evaporating in a vacuum or 
fa the air, and of the operation of condensing a 
§as to squeeze the heat out of it before letting it 
expand again to a great volume. 

2br any given substance, the changes qf state from 

^Ud to Uqtudy andjrom liquid to air, happen,under 

. phnilar circumstances, so precisely at the same tern- 

perattire, that they mark Jixed points in a general 

mile qftemperatwre, and enable us to regulate and 

. ¥mpare our various thermometers. (See Analy sis» 

1.6.) , 

As we can neither weigh heat, nor measure its 
bulk» nor see it, and as, even if our sense of 
toudti were a correct judge in the matter, which 
it is 3,ot» we dare not touch things that are veiy 
hot or cold, some other means was wanted for 
estionting the presence in bodies of this very 
subtile principle : — and a means has been found in 
the measurement of its most obvious and constant 
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effect, namely, that dilatation Qt expansion o 
bodies which again ceases when the heat is with 
drawn. Any substance so circumstanced as t 
allow this expansion to be accurately measured 
becomes to us a thermometer or measure of heat. 

In solid substances, the direct expansion b; 
heat is so small as to be seen or measured wit 
difficulty. In airs, again, the expansion is ver 
extensive, but there is the objectioa. that i 
any apparatus yet contrived, which will allow thei 
expansion completely to appear, they cannot b 
protected from the varying pressure of the atmoi 
phere— an influence which affects their volum 
even more than common changes of temperatun 
But liquids are free from both disadvantages, an 
when placed in a glass bulb, as a, having a Ion 
neck or stalk a b proceeding from it, into whic 
the liquid may rise when expanded by heat, to 1: 
measured, they form the most generally cot 
venient of thermometeij 
Then, among liquids, mci 
cury stands, on. several u 

B~!l \r\ counts, singularly pre-en 

nent : in it the range of tetr 
perature between freezin 
and boiling reaches a highc 
point than in any other 1 
quid, and a lower thra i 
all others except alcoha ; i1 
little capacity for heal^ an 
ready conducting pawei 
cause it to be very quickly afl^ted by charge c 
temperature y its expansion is singularly e|uab] 
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for equal increase of heat tfanrough the taiportoiit 
middle part of the scale, which includes the. com* 
men temperatures on earth, or from the freezing 
to the boiling heat of water ; and it is easy to 
proportion the biilb and the stalk to each others 
so that a small difference of temperature shall 
eause the mercurial column in the stalk to rise or 
fall very conspicuously. 

Now when the important fact was ascertained 
that ice melts in every case at precisely the same 
temperature, and that pure water in a metallic 
vessel, and under a given atmospheric pressure^ 
boils always at the same temperature, it followed 
that by placing such a thermometer as above de- 
scribed, first in melting ice, and then in boiling 
water, and marking upon the stalk the two points 
at which the mercury stood, viz. F and B, two 
fixed or invariable points would be obtained, and 
the interval between them might be divided on 
the glass, or on a suitable scale to be attached to 
the glass, into any convenient number of parts to 
be called degrees : it followed farther, that by 
cot5 tinning the divisions to any extent both above 
and below the fixed points, a general scale of 
temperature would be obtained, with respect to 
which all thermometers made on the same prin- 
ciple would perfectly agree, although the size of 
the divisions on the stalks would vary according 
to th^ comparative capacities of the bulb and 
stalk in the different instruments. Our Newton 
had the honour first to propose the regulating 
points of freezing and boiling, and they are now 
universally adopted, but the interval between 
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them has been variously subdivided j'^that is to 
say, there has not been agreement among philo^ 
sophers as to ndiat should be accounted a degree 
of heat In the Centigrade thermometer^ which 
is the most simple, the division is into 1 00 equal 
parts ; in Reaumur's, which is commonly used in 
France, it is into 80 parts ; and in Fahrenbeit*si 
which is used in England, it is into 180^. Iii 
Fahrenheit's, moreover, the freezing point, in«. 
stead of being called zero, as in the others, is 
called S2^, because the maker chose to Begin 
counting from the lowest heat which he met in 
Iceland, or 32^ below freezing of his scale. — T6 
turn the d^rees of any one t>f these thermo- 
meters into degrees of any other, we have only 
to recollect that 9^ of Fahrenheit are equal to 5"^ 
of the Centigrade, and to 4"^ of Reaumur. Thei^- 
fore, multiplying by 9 and dividing by 5 or 4, 
or the reverse, adding or subtracting the 92* i>f 
Fahrenheit, gives as the result the degree desired. 
The bulb of a mercurial thermometer is formbd 
by heating in a lamp to fusion the end of a'glass 
tube, which has a very small and equable bore, 
and then blowing into the tube until the toftehed 
end swells like a soap-bubble to the size desired; 
The mercury is forced into such a bulb through 
its long stalk by the pressui^e of the atmosphere 
at two efforts. First, a portion of the aii^ ori* 
ginally in the bulb being expelled by warming 
the biilb; the open end of the stalk is immersed in 
mercury, and when the air still remaining in the 
bulb cools and contracts; a little mercury enters. 
Secondly, this admitted mercury having been 
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made to boil, so as to fill with its vapour instead 
of the air» the whole capacity of the bulb and 
tube^ on the open end being again immersed in 
mercury, atfd the mercurial vapour within . being 
condensed, the atmosphere presses in fresh mer- 
cury Xo fill the whole vacuum. To complete the 
making of the thermometer, the bulb is again 
heated to expel so much of the mercury as that 
when cold the tube shall be about one-third full of 
it, and then before the heated mercury begins to 
recede, the end or opening is permanently closed 
by directing upon it the point of a blow-pipe 
flame. 

. Although the direc/ expansion of any solid body 
by a moderate change of temperature is so incon* 
sij^crable as to be with difficulty measured, M. 
fireguet, of Paris, lately, with much ingenuity 
contrived a thermometer in which the index is 
moved by the curling or bending of a solid when 
heated, as when a sheet of damp paper curls on 
being held befpre the fire. Having soldered side 
by., side two very small flattened wires of silver 
and platinum, or of any other metals having 
difi^rent expansibility by heat,, he found that all 
changes of temperature made such compound 
wires bend to a. great extent, the metal most 
shortened or least lengthened acting like a bow* 
String to pull the other into the arched fbrm : he 
then, by giving to a compound wire a spiral or 
cork-screw form, and fixing the upper end of it to 
a stand, found that an index like the hand of a 
watch connected with the lower end was turned 
completely round by a certain change of tempe- 
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rature, and that when a circle of degrees we 
marked oh a plate like a watch fac^ placed belo 
the index^' the Indications of the instrument pe 
fectly agreed with those of good mercurial the 
mometers. Other modifications of the same pri 
eiple have since been successfully tried, so sir 
plified and reduced in bulk as to be introduce 
into the structure of a pocket watch. 

Air is a substance on several accounts admirab 
adapted to the formation of a thermometer ; fi 
it has great extent of dilatation from small i 
crease of heat; it quickly receives impressio 
and its dilatation is equal for equal increments 
heat at all temperatures : — ^but, as already state 
there is the strong objection that the pressure 
the atmosphere cannot be excluded, without 
the same time confining the air, and affecting i 
expansion. Mr. Leslie, however, has used f 
particular purposes an air -thermometer, which 1 
ealls the differential thermometer. It consists 
two bulbs a and &, filled with a 
and connected by a bent tube d 
containing liquid, the bulbs beir 
hermetically, sealed, so that t\ 
atmosphere cannot affect the a 
within. The difference of he 
in one and in the other is markc 
by the descending of the liquid i 
one of the tubes, rf, which hi 
a scale attached to it. We ma 
observe that equal divisions ( 
degrees marked on the scale < 
this thermometer cannot nrnr 
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equal changes of temperajture, as the tacveasing 
condensation and resistance of the air in one bulb 
requires the force overcoming it progressively to 
increase. If the resistance, on the contrary, were 
unvarying as in an air-thermometer open to a 
steady atmosphere, equal extent of motion in the 
fluid would mark equal increments of heat. An 
air-thermometer made of a simple bulb and long 
stalk of semi-transparent porcelain, and con- 
taining in its neck melted lead or other fusible 
metal instead of mercury, and with the mouth 
downwards, is well adapted for measuring very 
high temperatures. 

Temperatures below that of freezing mercury 
are usually measured by alcohol, as being a sub- 
stance which has not yet been frozen : and tem* 
peratures higher than of boiling mercury are mea^ 
sured by .the expansion of air or of metals, as 
above described, or by the contraction of pieces 
of baked clay, which when highly heated lose 
water and become semivitrifled The use of baked 
clay was proposed by Wedgewood, and the ap- 
paratus has been called Wedgewood's Pyrometer^ 
or fire-measure. All contrivances for measuring 
heat may be graduated so as to correspond with the 
scale adopted for the mercurial thermometer. 

It is most interesting, while considering the vast 
number and importance of the phenomena pro- 
duced by heat, to observe the degrees in the ge- 
neral scale of temperature at which they take 
pkce. In the following table a selection of the 
facts are classified, the temperatures being all re- 
ferred to the Scale of Fahrenheit's thermometer. 
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Tabk qf facts amnected with the infiaenee of hei 
corresponding to certain tenq^eraiures. 

FWhrenheit VTedgeifood. 

Highest temperature measured 312,277'' •••^^O^ 
Chinese porcelain softened •..91,357 ...156 
Cast iron thoroughly melted ...20,577 ...150 
Greatest heat of a common 

smith's forge 17,327 ...125 

Flint glass furnace 15,897 ...114 

Stoneware baked in 14,397 ...102 

Welding heat of iron 13,427 ... 90 to 9 

Delfl ware baked in 6,407 ... 41 

Fine gold melts 5,237 ... 32 

Settling heat of flint glass 4,847 ... 29 

Fme silver melts 4,717 ... 28 

Brass melts 3,807 ... 21 

Full red heat (the beginning 

qf Wedgewood^s Pytwneter) 1,077 ••• O 

Heat of a common fire 790 

Iron red in the dark 750 

Quicksilver boils 660 

Linseed oil boils 600 

Fahrenh 

Lead melts 594< 

Sulphur melts 226 

Water boils 212 

A compound of three parts of tin, five of 

lead, and eight of bismuth, melts ..., 2J0 

Alcohol boils 174 

Bees%wax melts 142 

Ether boils 98 

The present medium temperature of the 

globe ^0 
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Fahrenheit. 

Jcci ineks ...,...; 38° 

Milk freezes i... ...; 30 

Vinegar freezes 28 

StroDg wine freezes. .••. ^ 20 

Weak brine freezes ...zero 

Quicksilver freezes below zero 40 

Natural temperature observed at Hudson's 

Bay , 50 

Greatest artificial cold yet measured ...... 91 

There is reason for thinking that the higher 
temperatures, noted in this table appear .consi- 
derably too high, owing to the insufficiency of the 
thermometer or. pyrometer (Wedgewood's) by 
which they were estimated. 

It is a curious inquiry, suggested by contem- 
plating the preceding table, how much heat may 
yet remain in bodies at the lowest temperature 
which we know ? No conjecture was hazarded on 
the subject until Dr. Irvine thought it might be 
elucidated by comparing the . quantity of heat 
which becomes latent in a body oti changing form, 
with the capacity of the body before and. after 
the change. For instance, with respect to water, 
he said : as it requires one-tenth more heat to 
make a certain change in the temperature of water 
than in that of an equal quantity of ice, it is pro- 
bable that ice-cold water just contains altogether 
one-tenth more heat than an equal quantity of ic^ 
at the melting point : then as we know the water 
to contain exactly . 140"* more heat than the ice, 
viz. its latent heat, the whole or absolute quantity 
of heat in it naust be ten times 140% or 1,400''. 
By applying this reasoning however to other sub/- 

I 
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Stances than water, it is proved evidently to be 
fallacioas; and the conclusion follows that we 
have as jret no means of solving the question ;— 
the thermometer no more telling us the absolute 
qOantity of heat in any body thati the risang and 
falling of the water-sur^ce in a well tells the tbt^l 
depth of the well. 

From what i^ said in the last and iti preceding 
paragraphs, it is evident that the thermometer 
gives very limited information with respect to 
leat : it merely indicates, in fact, what toay b6 
called the tension of heat in bodies, or the strength 
of its tendency to spread from them. Thus it 
does not discover that a pound of water tak^ 
thirty times as much heat to raise its teitfper^ture 
one degree, as a pound of mercury ; nor does it 
discover the calcific df fluidity absorbed Wheh 
bodies change their form, .add >ivhidh indeed & 
called latent hieat only because hidden from the 
thermometer ; nor does it tell that there is more 
heat in a gallon of water than in a pint ; and if 
an observer did not make allowance for the in- 
creasing rate of expansion in the substance used 
as a thermometer, las the temperature idci'eiEises, he 
Would believe the increase of heat to be greater 
than it is ; and, lastly, when a fluid is Used a^s a 
thermometer, the e^p^ansion observed is only the 
e^ces^s of the expansion in the fluid over that in the 
coiiiarning solid, andsul)ject to all the i^regularititfe 
bf bxpsinsion in both ^substances f-^all proving th^t 
the indication^ of the thermometer, unte^s ihl^r- 
pteted by oiir knowledge of the 'geriferal liWs <Jjf 
W^at, no mote discl^fe thb Me relations of h¥at'^t^ 
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iMxdfais, rtkaii tlie money acddeotally in n bmiii's 
yodtet tdls itts rank and ridb«. 

•baa a jmveifiil influence on tkeir chemipal ^mh 
IdnatiansJ* (.See the «Analyisi$, page 6.) 

By jobservaticms mide asd recorded throagliiby^ 
gcnie ages, msax has luxw come to j^now ttmt the 
BubstMioea oons&tiiting the w^rlA aro^ad lum, 
iakhoQgh aj^earuig to }dMfer in their nature almost 
to ififinity, are yet all made op of a &w ^mple 
elements iifaiionsly oonAmied ; and he bw disooi- 
vered that the peculiar TBlatioDS of these elements 
4D.he»t^*>»-^is their being unequally expanded by it, 
and their ^ufidei^goiing ^bsion and vaporization at 
diflbvent dsemperatures, fnrnish faim witl) ready 
neeyns of separating, combiittng, amd nefw-modi* 
i^ng^tbemtoserve tofakn most useful purposes* 
Wfaens tdie >j>rimitive savi^e, looking arocmd on 
aiocks asid ^aciils, sa^o^ in their divensiiie} raspedt 
almostasli(tle)mieHningas did the inferior animids 
^ribich pastioipfirted mtH faim iht fihelfeer ^ -tiie 
wood or cav«, his son, wJdh penetration sbarpmed 
by isbience, tdescsiesiit once J&e treasures ^ t\m 
cniiHe, and aided by heart, whose woaderfnl )&am- 
gies be has Ueaiaied tto rcDntrol, ipbrlsnea thROUg^ 
all the. Protean disguises of ^oies and tssdts maiisa* 
bitions, .each of the wished<i£or substanoes, ^imtil 
faeisecuras it^apart. ^or instam^, :in wh^ to /his 
^ondfitlbexs for thousands of years i^ipeansd ihtita 
ted dnxB, dfie >knai«^ l^mt ihet e )lies^x^o^Qeilttd ibB 
|)rwiaiis;ifx>n«^hing of mettiby! utiid :aoap ^forocog 
ibm induB^^Bdent fyxmsse tto aasume ito . meteUio 

i« 
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fonn^ with implements made of it he afterwardi 
moulds all other bodies to his will : the trees fron 
the forest and the rocks from the quarry, in obe 
dience to these, come to be fashioned by him ai 
if they were of soft clay, and at his command ris( 
into the magnificent structures of palaces an( 
ships, with which the earth is now beautified, am 
the ocean so thickly covered. — ^The minute detai 
of the relation's to heat of particular substance 
forms a great part of the department of scienc 
called chemistry (a name taken from an Arabi 
word signifying^e) ; but a general review of th 
subject belongs to this work. 

The most common ores of metals are combins 
tions of them with oxygen, carbonic acid, or su 
phur, substances all of which are volatilized s 
much lower temperatures than the metals. No 
simple roasting, as it is called, or strongly heatin 
the ores, suffices often to drive away gredt part < 
these adjuncts ; and where additional assistance 
required, it is obtained by mixing with the oj 
something which when heated attracts the sul 
stance to be expelled more strongly than the m 
tal does. Charcoal, for instance, heated with t 
oxid-ore, takes the oxygen, and flying off with it i 
. carbonic acid, leaves at the bottom of the furna< 
or crucible the vivified metal. 

Mercury mixed with the dross of a mine, di 
solves any particles of gold or of silver existing 
it, and the ingredients of the solution may aftc 
wards be obtained separate by mere heating- — tl 
mercury passing away as vapour to where it 
cooled and again . condensed for repeated us 
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and the more iSxed gold or silver remaining pure 
in its place, — just as in all othier distillations, as 
that of spirit from wine, or of essential oils from 
water, &c., there is the separation by heat of a 
more volatile from a less volatile substance. The 
only difference between what is called drying by 
heat and distilling is, that in the one case the 
substance vaporized, being of no use, is allowed to 
escape or be dissipated in the atmosphere ; while 
in the other, being the precious part, it is caught 
and condensed into the liquid form. 

A piece of cold charcoal lies in the air for any 
length of time without change : but if heated to a 
certain degree, the mutual cohesion of its parti^- 
des is . so weakened, that is, the particles are so 
repelled and separated from each other, that their 
attraction for the oxygen in the air around is 
allowed to operate, and they combine with that 
oxygen, so as to produce the phenomenon of 
combustion* The same is true, under similar cir- 
cumstances, of almost any dry vegetable or animal 
substance, and of several of the metals. 

Nitre, sulphur, and charcoal, while cold, may 
be mixed together most intimately without any 
change taking place ; but if the mixture, or any 
part of it, be heated to a certain degree, the whole 
explodes with extreme violence, for it is gun- 
powder. By the change of temperature, and the 
consequently altered relative attractions of the 
different substances, a new chemical arrangement 
of them then takes place with the intense combus- 
tion and expansion, which constitute the explosion. 

Sea sand and soda may be mixed, and evea 
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graand together, as completdjr M pmaible ;. but 
tf they r^Hftiii ccid^ they remain also niei:ely an 
opaque and useless powder : on heatiog the mix* 
ture^ however, to dimtnish the eohesim of th« 
particles of each sobstance to those of Hs owe 
kihd, so that the mutual attractiom of the twc 
substancea may come into play, tliey tXkfk alto 
gether, and unite chemically into the beautifui 
compound called glass; a product, (hfin vfaicl 
art has formed none more admirable—-M?hich ii 
domestic use, for instance, is fashioned into tb< 
brilliant chatiddier and lustre, into the sparkling 
furniture of the ' side*board, into the magnificen 
mirror^plate, and which, extended across our win 
dow openings, admits the light while it repels th^ 
storm. 

Perhaps the influence of temperature on chemi 
cat union is nowhere more remarkably exhibited 
than in retarding or hastening the decomposition 
of dead vegetable and animal substances, 'thi 
Iftmctions of life bring into combination, to fom 
the various textures of organic or living bodies 
chiefly four substances, tdz. cerhm or coal ; th( 
ingredients of water» or ospygen and h^dregen 
and lastly, mVro^i^fn^^whidi substances, when i\ 
tlie proportions found in such boditSs, h«v< 
but s%ht attraction for each otb^, and all o 
which, except the tarhon^ usually exist %A airs 
Their connexion, therefore, is easily ei^verted 
and particularly by a slight change of t^mperatore 
which either sO weakens their mutual hold as t^ 
jliow new arrangen»eats to be £Mmed» or altoge 
ther disengages the more vcjatile of them.^'At \ 
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Qoit^tsofthe thre^ fiibfl^nce| firft tQ^ntjiOPedr 
cariioii^ oj^yg^n^ and hy;drogen), undergoi^a a 
change into a spirituous W99h, frqm which spir^ 
or alcohol vg^y then be obtained by distillation : 
Ijiut if th^ Wt Ipie continued und^ certain circum- 
I^Doe^ the U^uid ^n^^gp^s a. second change, oj|; 
ny^W %rrangeD[ie9t qf cpMtityent particles, ^nd k^r 
^pppes vine^gar : ^^4^l^ ^^4 ^thej^ circunp^tanqes it 
undergoeil a third cl^a^Qige, which i^ a destructive^ 
decomposition^ or rotting, as we call it, and th| 
f^gen and hy4rog^ sfscend ^wajr as airs. But 
^^^T, and ms(py sf^i^iW vegetable compounds, pre*, 
fltfryed at a low temperature, remain un^changi^d 
forages. 

Again, as regards de^d' animal substance wq 
^d ^hat ^Uhq^gb ^t a pertain, not v,evy ^lev^t^d, 
l^pipraturg, t^y ¥°fieTgo that cbaoge in the re- 
l^tiojpj of tlieir f iQmppts vh\cb w^ c^ll putr^ffg- 
|ion, ^h^n nearly t\)dr whole substance rises agaift 
t$> fpm part of the f^tnqp^here, still ^t or bejow 
^^ temperatufQ of freezing water, they repiaiq. 
^Qf^t^red for any length of time. In |he , middle 
of ^rni^m^r, receiptly caqght salmon, pf ptl^f}r%bf 
gl^ed lu 1^9^^ ?1^ }^^s i$, copy^yed fresh froi^ 
ihg mQ^t ypmgtg parts pf Britain tp t|ie^ 9m^. 
|n pjir njarip^st weather, any n^^2|t cjr gange jq^y 
)fj^ long preserved in an ice-hopse* Ir Rh?|J?H 
Qi^d^ and otb^r npftb^rn cou^tries^ pp t^j^ f^t^ 
ting in of the hard frosts, when the inferioi: f)pi^fJi| 
b^vff di^cvilty in finding food, th^ inhj^bjt^p|i( jciU 
tjb^^ Vin^r supply, jind s^pfa tl^qr prpvgij^cifi^ of 
frozen flesh or fowl, as in o(h^ couptqf^ ^en 
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Store that which is salted or pickled. But the 
most striking instance of this kind we can adduce 
is the fact, that on the shore of Siberia^ in 1801, 
in a vast block or island of ice, of which the 
surface was then more melted than in preceding 
summers, the carcase of an antediluvian elephant 
was found, perfectly preserved — an elephant dif- 
fering materially from those now existing on earth, 
but its skeleton exactly correspcmding with the 
specimens found deep buried in various countries. 
The creature was soon discovered by the hungry 
bears of the district, which were seen tearing off 
its hairy hide, and feeding on its flesh, as fresh 
almost as if it had liv^d yesterday, although it 
must have been of an era long anterior to that of 
any existing monument on earth, of human art, or 
even of human being. Long after it fell from the 
ice to the sandy beach, and when its tusks had 
been carried away for sale by a Tungusian fisher- 
man, and its flesh had been nearly devoured, a 
naturalbt who visited it found an ear still perfect, 
and its long mane, and part of its upper lip, and 
an eye with the pupil yet distinguishable, which 
had opened on the glories of a former or younger 
world ! About 30 lbs. weight of its hair, which had 
been trodden into the sand by the bears while eating 
the carcase, was collected, and is now preserved in 
different museums of natural curiosities— some, for 
instance, in the museum of the London College of 
Surgeons. 

" Heat has powerful influence also on animated 
nature, both vegetable and animaV* (Read the 
Analysis, page 6.) 
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As the detail of the relations of beat to parti- 
cular inanimate substances belongs to the province 
of chemistry so does the detail of its relations to 
particular living vegetables and animals belong to 
the department of Physiology ; but a general re- 
view of the subject is required in a treatise on 
Natural Philosophy. 

The influence which heat exerts on inanimate 
nature, is more immediately and completely per- 
ceived by the common mind, than its influence on 
beings which have life. Thus to all it is obvious^ 
th at the contrast between a winter and summer 
landscape, is owing chiefly to the effect of heat on 
the water of the landscape; — that during its ab- 
sence in winter, there is the dry barren deformity of 
accumulated ice and snow, covering every thing, 
the roads impassable, the rivers bound up, perhaps 
hidden, the air deprived of moisture, and loaded 
often with powdery drift ;— -and that when warmth 
comes, the living streams again appear, gliding their 
way, the cascades pour, the rills' murmur, the canals 
once more offer their bosoms to the boats of com- 
merce, the lake and pool again show their level 
face, reflecting the glories of the heavens, and the 
genial shower falls upon the bosom of the softened 
earth, become ready to receive the spade or the 
ploughshare. Now this change is not at all greater 
than what happens to a winter tree acted upon by 
the warmth of spring. — To take another instance 
from inanimate nature, it may be said with truth, 
that heat applied to the cold boiler of a steam-en- 
gine, is the cause of all its. succeeding motions ; of 
the heaving of iti$ beam! and piimps, the opening 
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rWcl i(«t4ttiiia|epef^rai«9pe of wofkf as,^q>i]: 
wog^ Qr weaving, oRgrindlvg, of pr^^ipajlj^g yeU^cI^ 
by Hmd aod w»i»t( ^ but iis: truly u»y it be saic; 
Ib^thwt coming tp a y^ed iip;lych fa^ laia cold fc 
i^gefb 19 the $aiise c^its iQ^ifed^t^ garqiiijiation, ska 
growth ; or coming to a lately %>zen t^e^ is, th 
•mtt9» Q^tlh^rinog of its 81^ t^ie «ew bjV^i^ ^" 
.«pfol4iog of ite Iwyeft ai^4 blosspmv tli^ ripejoin 
f>f i(9 frij^t. And what is true of ope 8ee4 91: trei 
in. tFue 9if the Mfhpile of tb^ yeg^^e creatioi 
Wb?9 th(3 wafm g^les of spring fai^ve once breathy 
;Oii tb« eiulh, h soap by^cffOQi^ covered, ip fielcl ajp 
.Uk forert, with i^ thick garb of gx^^. and spc 
opening flowei^ or blo^ips every where bvei^tl 
J^k again a fnigfai^ce to heaven. Among thei 
i^ heliotrope i», seep always turning ita beai 
%}fifk dil^ to the smq, aad many (lelipate ^ow^ 
:D0jy (yen liheir leayfi9 to cfitc^ ^e direct aol^ti; ra; 
>Ht clMe them 9^99 evep, when a cloi^ interv^p^ 
.aiil certainly wben tbe cbiU^ of nigbt fippfo^ci 
O^ tbe wppy 9ide pf a hill^ or in ^e ^elter^ 
iiesreviGe ^a rQc|c» «r cin « garden wa|l vir^th war 
»spMi]f f^ there v^ be prp^iiced gr^pefe peacbe 
jM^d other df^iQioiia, frui|% W^ich will i^pjt gro 
in sitoaticans of ap pjiq^os^te ^har^c^er-^all ^cknoi 
le^i^ng bei^t M the immediate pai)«e, or indi^ei 
<iible eopditiffl). qf yeget»b)e li&- 

But among animals, too, the e^h^tf pf heat a 
i^qnaUy Mmarhable. The 4re94 silence of wi 
<M, for inataace» ia auceee4e4 ip lipriDg \^ 0% 
geqesal ery of joy. Aloft in the m Hhf li^lf 
every whue pwcdlipg ; an4 in the WPfii% ^x\ 
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sbnibberies, a tbousaoed little throAta we mmjin^ 
pouring forth their songs of gladness — 4iin*g ^ 
cUjt the thrush aodbbckbird near our 4^]^ 
lings, are heard above the rest, and with th^ ^TOnWB 
comes the swj^et nightingale ;-^for aU 9f which 
it is the season of love aod of eiquisi^ enjoy vciftit« 
And it is equally so for animal nature geoor^Uj'^ 
in favoured England, for imtimce, 19 AprU and 
May the whole face of the countiy redonndf 
with lowings and hleatings aqd barkings of joy« 
And even man, the mnster of Ihe whole, and whoae 
«uiid embraces all times ^ad.placest iy hf ftom 
being insensible to thi^^ change of sea«on. His 
far-seeing reason of qoui^se draws delight froen 
th^ auticipatiQU of autumn, with its fruks; ^idhil 
benevoleoce rejoices in the h^ppinews ob9erv«d 
amrag all inferior cro^turop; j bvt indep@nde9% 
c^tbfse Qonsideratioi)9» on his ^mn fra^M the r«f 
Mirning w^mth ei^orts a dir?^ i^itteoM. In eaply 
Jale, wbeu the mW^ inabilities are yet fresh 
tod unaltered by the hebit$ of artificial socaety, 
fqpring to man is «lwayp » 9e«9on of delight The 
eyee brigbteni the whole counteqance is animated, 
aJid the hea,rt fe0ls 49 if new life were oome, and 
ha« longiiigs for freflh ol^ects of endearment. Of 
ihose who hwe pa^wd thw eerly years in the 
^mmtry^ or, nmong Ae cberms of nature as 
contrasted with ^beert« of eitted* tbens are few 
who,, in their morpii^ wfdfcs in iipii«g> hftve not 
e9|ierie()ced iffithPHt veiy deioite eiiuae, a l^d 
of tumultuous joy, of whieh the Qntund e:ipret- 
'4<m wotald have bee% how ge^d the God of 
nature is to us ! Spring is a time when ^eping 
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sensibiKty is roused to feel that there lies in nature 
more than the grosser sense perceives. The heari 
is then thrilled with sudden extacy, and wakes to 
aspirations of sweet acknowledgment. 

Besides these effects of heat, which arecompara- 
vely transient as being connected with the sea- 
sons, there are other efiects on animated nature oi 
a more permanent character. Certain species oi 
vegetables and animals, by their relation to heat^ 
are confined to certain latitudes or climates ; as 
the orange tree and bird of paradise, to warn: 
regions; the fir tree, and arctic bear, to those thai 
are colder ; — -and when individuals of either clasj 
can support diversity of climate, they acquire a cer 
tain character according to the climate, — ^as seen it 
the sheep and dogs of the various regions of the 
earth. In this latter respect there is no instance 
more interesting than that furnished by the varie 
ties of the human race. Assuming that the whole 
sprung from one stock, what a contrast is there be 
tween the native of Central Africa, of temperate 
Europe, and of the Polar Zone : between the Negro 
the Greek, and the Esquimaux : or again, betweei 
the dark slender children of Hindostan, the strong 
ly-knit active Roman or Spaniard, and the taller 
ruddy powerful Briton. And in the female se^ 
of the last-named countries, we may remark th< 
gentleness and singular devotedness of the Indiai 
woman, the more commanding dark eye an( 
gesture of the graceful nymph of Italy or Spain 
and the happily attempered mixture of these qua 
lities in the fair and much-favoured daughters o 
Britain. 
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' The very importaDt iniSuence of heat upon the 
temporary bodily state of animals, becomes an obr 
ject of much study to the physician : it explains, 
among many other facts^ the conne;xion of tem« 
perature with the rise of fevers and other pesti* 
lences, the powerful remedial efficacy of hot and 
cold bathing, of changes of climate, of. regulating 
the temperature of air. breathed by invalids, the 
protection from clothes, houses, &c. 

" The great natural source of heat is the sun.*^ 
(See the Analysis, page 6.) 

To be assured of this, it is only necessary to 
think of the comparative temperatures of night and 
day, of climates and of seasons, and to reflect that 
the sun is the sole cause of the differences.* We 
need not wonder, then, that, to many savage na- 
tions, seeking the source of their life and hap- 
piness, the sun has been the object, not only of ad- 
miration, but of worship. 

The heat comes from the sun with his light If 
a sun-beam enter by a small opening an apartment 
otherwise closed and dark, it illuminates intensely 
the spot or object on which it first falls, and its 
light being then scattered around, all the objects 
in the room become feebly visible. Again, a cold 
thermometer, held to receive the direct ray, rises 
much ; while in any other situation it is less 
affected: proving the heat to be like the light, 
widely diffused, and so to lose prpportiqnately of its 
intensity. Light passes from the sun to the earth 
in about eight minutes of timcj^ as will be fully 
explained in a future chapter ; and there is every 



MifiMi <td«0ndtt<fo CbM ibcM trawk «t the same 



Ji««tan Hit 'ieftti guther the isiin^beates together, 
«iid by Cbe intecide beat pnodoeed in the focus 0I 
tlieir ifteetii^ fiiriibheft Mother proof that «be sqc 
Is the l^reat sooroe ef best A pmie of glass in 1 
window, ior « small mirror, will r^ect ike sub's ^raj 
aotis to offend an^ye receiving it at a •diabana 
of miles — ^as may be observed soon after the trisi&g 
or before the setting of the sun, when his ray i 
nearly horizontal,— and the heat accompatiies th< 
ray, for by many such mirrors directed towardi 
dne point, a combustible eibject placed there woulc 
be inflamed. Archimedes set -fire to the Romai 
"Ships by SQn4>eams, retumeid from many points t 
one, fa£s god-like genius thus rivalling by fiatiira 
Ifueatis, the supposed 'feats of fabled Jupiter with hi 
thutiderbolts. Again, when the light of a broai 
sun-beam is made *by a convex glass or lens t 
converge to one point or focus, the coneentratei 
beat is also there^^for a piece of metal held in th 
ibcus drops like melting wa« : and if the glass b 
)>ufpose)y moved, itsfbous will pierce through tb 
'iiio^tObduraiteiidbiitatiees,'as red hot wire pierce 
ihrod^h paper or wood. A hunter on his 'hill, ani 
tfi&fdliiig hdrdes e/n tfae.plains/ often convetiientl; 
light their fires at the ^un him^^f, by directing hi 
t^h^irgies tbrttUgh ' a burning ^^htss. 

The direct liay ttf the ^uU, simply refceiveidirit 
Wbcb: Which 'is dovered with glass to exclude tfa 
tiblB 'air,' ^dd is lin^d With cbardoal ^r >buriied eori 
fo "ibiibirb heat, aad *to prevent ^the eseape' of he^ 
tod^iite«iV«d,'tHll talseiathfittidmeter iti-the'bo 
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to thfetendpcfrature of «80'' dfegi^ss of 'MHrttflieit 
atbihpemtnre considerably above that of l)bilil% 
wkter. Atid thfe experimeiA sacceefls i<i kftjr J)Wt 
of the'eafth where there is a clear affiifbspher^, and 
where the sun attains considerable 'app&rent alti- 
tilde. We see therefore thafta^olar bireh ihight 
in sbinfe cases be used. In o][»erating ^th the 
i^ifmratus suggested by die author, ^nd descHbed 
at page 9&>, for distilling -water by the heat of the 
sun, the vefssel intended to absorb the heat, and tbi 
act ks the still, should be enclosed in a case Rni&d 
and covered as kboVe described. 

R^ecting on'snch facts as now recorded, and oh 
the globular form and the motions of otir eai'th, i9^ 
have a measure of the differencfes of dithalfe tffnd 
of season that shottld be found Upon the etirth. 
Itis evident that the part of the globe tui^nieddi- 
ifectly to the i^un, Tecfeives his rays as sibahdantly 
sts if it were a pdrfect plane, similarly feeing liiihi 
While on parts, which, as viiewed from the suii. 
Would be dalled the sidles of the globe, with *thfe iiu 
creasitfg obliquity of aspect, ian equal breadth iit 
quantity of rays is spread m^er alargeir and k-lai^ger 
Stiiface ; and at the v^ry edge the light pa^iies tevd 
With thfe surface, arid altogether ^without tbiichihg. 
^hfe siinny sid% df friahy ^ steep hill ih Ehglabd, 
rtdeiVtes*the*sun*sray^ in suihhi'er Ms ^pe^endifeh'I 
larly *as the plains abodt the eqimtor ; sUid-silch btlfw 
side 7s *not hieated like thesfe, plains, brilyflbfecaiisfe 
the*airoVeritiscoiadr^justas'^m6h«iahi^6iA,'eVeh 
at the leqtiatdr, bwinjgtb thfe rsi-ifled krid -th^efbi^fe 
e6id 'iir ifttbtittd 'thfett,^iteihaih for teter Wod^ 
Htmr. lhEhgIaM,*«t^fe*timfe«Pihte-feq^^ 
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a level plain receives only about half as much of 
the sun's light and heat as an equal extent of level 
surface near the equator ; and in the short days of 
winter it receives. considerably less than a third of 
its summer allowance. 

There are few contrasts in nature more striking 
than some of the consequences of different inten- 
sity of the sun's influence :~that, for instance, of 
the inhabitants of India, at mid-day, in the hot 
season, with the thermometer at 190% running to 
the shade of their bungalows, darkening their win-, 
dows, hanging wetted mats upon the walls and 
roofs, and sprinkling the floors, fanning themselves 
with ever-moving punkas, and feeling the slightest 
covering or exertion too much — ^wbile, on the otlier 
hand, the. dwellers in Greenland, with the ther- 
mometei* below zero, are loaded with furs, and are 
seeking the direct sunshine or heat from a fire, as 
their life and comfort. Again, there is the con- 
trast observed on passing, as the author once did, 
in ten days, from such a paradise as Rio de Janeiro, 
with all its vegetable riches, to Tristan da Cunha, 
and th^ Isle of Desolation in the Southern Ocean, 
which exhibit only cold and naked rocks; but 
yet where the scene was swarming with its 
appropriate inhabitants — the sea with seals, and 
the air with clouds of sea fowl, playing over the 
never-resting waves like flakes of eddying snow. 
Were a person for a moment to doubt whether the 
sun be the real cause of such differences, and of 
certain creatures being found only in certain 
zones of the earth, let him reflect on the extraor- 
dinary migration of animals, which have their 
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home not in any fixed region, but wherever liie 
sun has for a time a particular degree of influence, 
and which accordingly follow the sun in the changes 
of season* We have the swallow in such numbers, 
coming to visit the Etritish isles in the spring, to play 
over our woods and waters, in pursuit of the in- 
sects which the heat then breeds in the air,— ^ 
welcome harbingers of the coming summer and 
its riches; and in autumn the same creatures 
are seen congregatiiig on our shores, to wing 
their flight back in united multitudes to more 
southern countries, where, in turn, there is a tem^ 
perate influence of the sun. The same season 
brings to England the nightingale, and makes our 
woodlands resound with the note of the cuckoo. 
In the waters of our bays and coasts, again, there 
appear with the seasons the vast shoals of fish, as the 
herring and mackarel, which prove such abundant 
food for millions of human beings ; and the salmon, 
at stated times, penetrates from the ocean far up 
the mountain streams, to deposit its spawn for fu- 
ture supply; — ^all by their movements, contributing 
to the harmonious and beneficent system of the 
universe. 

With respect to the sun as a source of heat; 
there have been two opinions among philosophers ; 
one class believing that the sun is an intenisely 
healed mass, which radiates its heat and light 
abound, like a mass of intensely heated iron: 
and another class holding that heat is merely an 
affection or state of an ethereal fluid, which oc- 
cupies all space, as sound is an affectidn or motion 
of air, and that the sun may produce the phenot 
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mena of light and heat \^ithout waste of i 
temperature or substance, as a bell may withoi 
waste continue to produce sound: holding fa 
ther, that the sun below its luminous atmosphei 
may be habitable even by such animals as live c 
this earth/ Those who take the first view, a; 
awakened to the dread contemplation of a ur 
verse carrying in itself, if its laws remain co 
stant, the seeds of its certain decay, or at least 
great periodical revolutions : the others may vi€ 
the universe as destined to last nearly unchange 
until a new act of the will of its Creator shi 
again alter or destroy it. 

Of one fact there can be no doubt, viz. that t1 
present temperature of the earth is much low 
tlvan the temperature in remote past time. T 
rocks called primitive, as granite and gneiss, co 
stituting the interiors of our great mountain mass< 
and the substrata of our plains, bear evident mar 
of having been at one period in a molten stai 
from which they have been solidified by a ve 
gradual cooling ; and even the whole mass of t 
earth at some time must have been so fluid or so 
as, in obedience to gravity, tp have assumed 
rounded form, and in obedience to the centrifu^ 
force of its whirling, to have bulged out, at its gri 
circumference or equator, the seventeen mil 
which its equatorial diameter exceeds the pole 
the same, by the bye, in degrees corresponding 
the various speed of rotation, being true of 
the other planets belonging to the solar syste 
Again, while in excavating below the surface 
the globe, or in examining its strqcture as expos 
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to viev9 by volcanic or other convulsions, men 
encounter in very many situations a thickness of 
more than a mile, of the wreck and remains of 
former states of the world — as on digging eighty 
feet under vineyards near Mount Vesuvius, they 
encounter the buried cities of Hereulaneum and 
Pompeii-^they further discover that the animal 
and vegetable remains buried, without number, 
in the present cold climates of the earth, and 
evidently resting near where the creatures lived, 
are all of kinds now inhabiting only the warmer 
or tropical regions. Lastly, in the operations of 
mining, the deeper men go, the higher they find 
the temperature to be, at the rate of a degree for 
about 200 feet of descent; which fact, as heat 
tends to equable diffiision, proves both that the 
central heat of our earth must have had another 
source than a radiation from the sun of the present 
intensity ; and that the surface of the earth is now 
radiating away more heat than it receives from 
the sun. The conclusion then follows, that the 
temperature of the world is still falling, although 
perhaps so slowly that a change may not be de- 
tected even within centuries. Possibly in very 
remote antiquity that may have been true which 
the early Greeks erroneously thought true in 
their day, viz. that the equator of the earth, by 
reason of its great heat, was a barrier impassable ' 
by man between the northern and southern he- 
mispheres. 

" Electricity a source qfheatJ"^ (See the Analysis.) 

This subject can only be satisfactorily entered 

upon in the chapter devoted exclusively to elec- 

K 2 
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tricityt and is therefore deferred. Suffice it her 
to say, that while an electrical discharge or currei 
passes from one situation to another, the substanc 
vervii^ as a conductor is often heated, melted, o 
dissipated, in such a manner as to make it doubtfu 
whether we possess any more powerful means c 
producing liiese effects. We may remark, to( 
that in certain cases of the electrical current, th 
heat is accompanied by as intense a light as ai 
can exhibit. 

^* Combustion and other chemical actions as source 
of heat.** (See Analysis, page 6.) 

Of the phenomena of nature there is perhap 
none which to the uninstructed appears so inei 
plicable and so wonderful as that oi fire 6r cor^ 
bustion — ^whether contemplated in its beauty or i 
Its terrors. Fire is seen in its beauty whfen use 
by man for his domestic purposes, as when i 
blazes cheerfully over his parlour hearth, or beanr 
around its steady light from his lamps and chai 
deliers. It is seen again in its terrors, whe 
spreading by accident from some focus, it env< 
lopes in jsudden flame the draperies and oth( 
furniture of an apartment ; or when breaking froi 
a first apartment it rages through a whole habit 
tion, consuming as its food and carrying in i 
long fla[mes'to the sky, almost every thing sa\ 
the stone walls, left as a blackened skeleton ; < 
again, when still wider spread, it is at the sanr 
dread moment, devouring with deafening uproar 
whole town or a forest: — ^nay, it is terrible fi] 
Idbouring within the bowels of the earth, whic 
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^sst prepares and then urges up to heaven the 
Tolcanic eruption of flanie and red-hot roc^cs* 
during which the region around ofiten' qu^es 
jpid is uptorn, with demolition of its cities into 
sudden tombs of the inhabitants, with change 
in the course of its rivers, with coflversion of 
its plains into lakes, or of its lake4)eds into dry 
kuid. Fire appears terrible also in the meteors of 
oight ; and worse than terrible when, intentionally 
lighted by human hands, it bursts from the can* 
iionfs womb to produce thd carnage of the battle. 
Fire among many nations of antiquity was re- 
gar(^ed with awe and holy reverence, the, sun 
himself being honoured chicifly as its concentra- 
tion or supposed abode. Then' there were sacred 
fires in many of the temples, and fire was used to 
Complete the splendour of the most august cer e« 
moni^. But, more remarkable still, Mc^es, a 
worshipper of the one true God, has recorded of 
the Btammg Bmht and of burnt offerings made to 
that God : and %t the jH-esent day, in many 
Christian churches, there are ever-burning lamps 
9nd freqnent magmficent illuniinartions. Now this 
wondrous principle of Jire, which when {he savage 
man first saw it spreading perhaps after the thun- 
derclap or the rnixbing of forest branches in a 
storm, sa as to threaten universal destruction^ he 
-so^ naturally accounted the demon, if not t^e 
God of natope, — this principle maa's art h^ how 
tamed to be a moet obedient,^ and by far the most 
useful of ^Jl his iseryants. JFire, being in truth, but 
« concentrati4>n of the element of heaty which in 
4tii tranquil and invisible di&ision we have already 
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contemplated as the beneficent life or soul of the 
universe — the cause of seasons and climates, and 
of all the changes or acti\aty which distinguish 
a living world from a dead and frozen mass ; 
man, by acquiring command over it, can com- 
mand heat when and where he wills, and thus 
truly becomes in a second degree the ruler of 
nature. Fire in man's service may be figured as 
a legion of spirits to whom no labour is difficult, 
and who in any particular case have power or 
magnitude exactly proportioned to the quantity of 
food or fuel afforded ; of whom, moreover, man 
can at any moment conjure up one or many by 
the magic stroke of his flint and steel. In every 
private dwelling he has of these fiery spirits as 
domestic servants — in the latchen and in the par- 
lour. In his manufactories they are melting 
glass for him, and reducing ores, and boiling and 
evaporating for a hundred purposes. But it is 
chiefly while chained to the steam-engine, that 
they shew their miraculous powers : — as when, 
putting forth a giant's strength, they heave a river 
from the bottom of a mine, or urge a vast ship 
through the winter storm ; or when in nice dex- 
terity equalling, if not surpassing, what human 
hands can effect, they twist the silken or cotton 
threads, and weave them into most delicate 
fabrics. Men now grown familiar with such pro- 
digies, have almost ceased to be moved by them ; 
but few persons can resist a feeling of wonder 
and admiration when chemistry, in its progress of 
discovery, every now and then calls forth the 
hidden spirit of combustion in some new or less 
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familiar guise:— ibr instance, when a piece of 
iron wire lighted as a taper in oxigen gas, burns 
with such resplendent briiUancy ; — or when phos- 
phorus similarly placed, throws around, its over- 
powering flood of flame ;— or when small portions 
of the metal called potassium, being cast upon 
the surface of water, become as beads of most in- 
tense light running about there, and crossing as in 
a merry dance ;— or, lastly, when flames produced 
from particular substances are seen rising deep- 
tinged with most vivid and beautiful colours. 

Singularly interesting then, to philosophers, as 
in such particulars the phenomenon of combustion 
must always have appeared, one may wonder that 
its true nature could remain to them so long a 
mystery; but until the admirable researches of 
Davy, made only a few years ago, their conjec- 
tures had scarcely approached the truth. An opi- 
nion long prevailed, that in every combustible 
substance there was present a certain quantity of 
a something denominated phlogiston^ which on 
being disengaged or separated, became obvious to ' 
human sense as light and heat. The white oxid 
of zinc, for instance, named the flowers of zinc, 
and into which the metal is changed by burning, 
was supposed to be the metal deprived of its 
phlogiston ; and when the metal again appeared, 
on this oxid being heated with charcoal, it was 
supposed simply to have recovered phlogiston 
from the charcoal. The illustrious Lavoisier had 
the merit of most clearly disproving this hypo- 
thesis, by shewing, for instance, that the flowers 
of ;zinc were heavier than the piece of metal from 
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which they were produced* by th^ exact . weight 
of the oxygen gas, which disappeared in the coni*^ 
bustion, &c. ; and he shewed further, that la this 
said many other cases, combustion was merely the 
act of two substances combining chemically ; but 
he fell into an error almost as great as that which 
he overthrew, by supposing th^t oxygen had always 
to be one of the combining substances, and that 
the heat and light given out in every case had been 
previously latent in that oxygen. 

When Sir Humphrey Davy began his labours 
on the subject, than which labours there is not 
perhaps on record a more perfect specimen of 
truly scientific research, it was already known t^at 
bodies when compressed or by any means reduced 
in bulk, generally gave out ^ part of their boat, as 
— ^when air condensed in the match-syringe lights 
tinder, — or when water and sulphuric acid uniting 
into a compound of smaller volume than the se- 
parate ingredients bec<xne very hot,-r^or when 
water poured upon quick-lime to slake it, and 
becoming solid with it, produces heat sufficient 
to inflame wood, as has be^n fatally, proved by 
the burning of many lime-loaded ships; — ^it 
being evident, Qioreover, that the heat pro- 
duced during chemical unions depended more 
upon the energy of the action which united the 
substances than upon, the change of volume pro- 
duced. 

Farther, it was known that any substance having 
its temperature raised, by whatever means, to 800** 
or more of Fahrenheit's thermometer, became in- 
candescent or luminous, — as when iron, or stone. 



. COMBUSTION. IS7 

or any substance not dissipated by heat is fizced 
in a common fire ;— in the first degree the sub- 
stance being said to be red-hot, and at higher 
temperatures to be white-hot. 

Now, out of these two truths Davy constructed 
his explanation. He asserted that in any case, 
combustion is merely tlie appearance produced 
when substances, which have perhaps still stronger 
attraction for each other than quick-lime and wa^ 
ter, are combining chemically, so as to become 
heated at least to the degree of incandescence. 
During the phenomenon there is not, as was for- 
merly supposed, something altogether consumed 
or destroyed, or something called phlogiston es- 
caping : the substances concerned are but assum- 
ing a new form or arrangement. Thus if a piece 
of charcoal be enclosed in a glass vessel filled with 
air, and of which the mouth dips into a liquid to 
confine the air, and if the charcoal be then heated 
to a certain degree, by means of a burning-glass 
or otherwise, the cohesion of its particles gives 
way to their attraction for the oxygen of the air 
around them, and they immediately begin to 
coipbine with the air so energetically as to pro^ 
duce a heat still much greater, accompanied by 
the light or incandescence of combustion. The 
charcoal, under these circumstances, soon entirely 
disappears, or is dissolved in the air, as sugar nmy 
be dissolved in water; but if the air be after* 
wards weighed, it is found to Imve gained in its 
ureigbt the exact weight of the charcoal which 
has. disappeared ; and a chemist can again separate 
the charcoal from the air,* and use either for any 
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purpose as before. In like manner, if a piece of 
iron wire be heated at one end> which is then 
plunged into a jar of oxygen gas, it will bum as a 
most brilliant taper, and will gradually fall in the 
form of oxidized drops, or scales of iron, to the 
bottom of the vessel. Now during this process 
the quantity of oxygen will be diminished, but if 
the scales mentioned be collected, they will be 
found to weigh just as much more than the ori- 
ginal wire expended, as there is of oxygen lost or 
combined with them. A chemist can separate this - 
iron and oxygen, and exhibit them apart as before, 
without change. Again, if iron and sulphur in 
certain proportions be heated together, they unite 
with vivid combustion, but the product weighs 
exactly as much as the original ingredients. 

While every instance of combustion is thus 
only a case of chemical union, going on with such 
intensity of action as to produce incandescence, 
still, . according to the nature of the substances 
combining, the appearance produced varies much. 
Jt may be, for instance, with flame or without 
flame. The great combining substance in nature, 
that is to say, the most universally distributed, is 
oxygen, of which the name is now become fa- 
miliar even to the ears of the unlearned. It forms 
four-fifths of the substance of water and one-fifth of 
our atmosphere, being on the latter account present 
every where, and ready to unite itself with any 
matter exposed to it at the necessary temperature. 
Now of substances burning in air, those which 
are originaUy aeriform, as coal gas, or which on 
being heated are vaporized or rendered aeriform 
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before the union takes place, as oil or wax, assume 
the appearance of flame ; viz. the aeriform par- 
ticles usually invisible are raised to the incan- 
descent temperature ;. but when the substance 
combining with the oxygen remains solid, while 
its particles are gradually lifted away by the 
oxygen acting only at the surface of their mass, it 
appears during the whole time only as a red-hot 
stone. The latter is the case of charcoal, coke, 
Welch stone-coal, &c., while in the case of wood, 
common coal, &c., a greater or less portion of the 
inflammable matter is by the heat of the combus- 
tion converted into vapour, and produces the 
beautiful appearance of flame. 

Of the substances called combustible, and thus 
called because they combine with oxygen so ener- 
getically as to become incandescent, there are 
only a few which will begin to unite or bum 
at the common temperature of our globe, the 
others requiring to be at some higher and pe- 
culiar temperature. Thus phosphorus begins to 
burn at 150°, sulphur at 550% charcoal at 750% 
hydrogen at 800% &c. ; it appearing that up to 
these temperatures the attraction of the atoms of 
the substances among themselves is sufficient to 
resist the other attraction, or that of oxygen. But 
Mihen the combustion once begins, the temperature, * 
from the effect of the combustion itself, rises in- 
stantly much beyond the degree necessary for the 
commencement of the process* Oxygen and hy- 
drogen, which begin to bum or combine at 800% 
produce a flame of as intense heat as human art 
can excite. 
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Oa the circumstance that bodies require to have 
a certain preparatory temperature before beginning 
thus to combine with oxygen, depend many im- 
portant facts in nature and art Hence the safety 
with, which most combustibles may be exposed at 
ordinary temperatures to the contact of atmos- 
pheric air : otherwise coal, wood, &c. in the mo- 
ment of being exposed to the air would catch 
fire, as really happens to phosphorated hydrogen 
gas ; or to the metal called potassium, even when 
thrown into cold water, the metal attracting the 
oxygen from the water instantly, and with intense 
combustion. If a fire or flame be so small that 
it does not produce heat enough to maintain tbe 
inflaming temperature of the substance, the com- 
bustion will soon be extinguished. Thus a com- 
mon coal fire, if not watched by gathering toge- 
ther the remnants to reduce the surface of waste- 
ful radiation, will be extinguished long before the 
fuel is all expended :-— but not so with a fire of 
mood or of paper, which substances burn more 
readily than coat The Welch stone-coal can wily 
be made to bum in very large masses, or when 
mixed with a more inflamnnable coal or other fuel. 
A substance placed in pure oxygen gas burns with 
much greater intensity, and will begin burning at 
a lower temperature than if placed in atmos- 
^eric air, whidi contains only (Mape-fifth of oxygen 
and four-fifths of another substance^ nitrogen, 
which does not aid the combustion^ — ^because the 
nitrogen^ by absorbing much of the heaj; of the 
combustion, lowers the temperature. Iron wire 
will burn as a taper in oxygen, but not in common 
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air; and a common taper or flaming piece of wood 
just extinguished by blowing on it, will imme* 
diately be rekindled if placed in oxygen. Again, 
a lamp with a very small wick, ad of one thread, 
and producing therefore very little heat, will not 
burn in cold weather, and at any time will be ex^ 
tinguished by a foreign body, brought near it so as 
to cool it, — a small metallic nob, for instance, pre* 
sented to it on the end of a wire, or a metallic 
ring let down over it ; but if the ball or ring be 
hot, the effect will not follow. By more powerful 
refrigerating processes even a considerable lamp 
or candle may be put out. These discoveries led 
Davy to the construction of his miner^s safety 
lamp, which is merely a lamp surrounded by a 
wire gauze, of which the meashes are of such 
size that a flame of the gas attempting to pass 
through is so cooled by the heat-absorbing and 
heat-conducting power of the metal, as to be ex- 
tinguished. A wire gauze gradually let down 
upon any common flame, annihilates the part of vt 
which should appear above the gauze ; but the 
combustible vapour passing invisibly through the 
gauze may be lighted afresh on its upper side. 
Oxygen and hydrogen, which are the constituents 
of water, when uniting, produce such intense heat 
that the momentary expansion of the newly form- 
ed water — then in the state of steam, is such as 
to constitute a violent explosion : arid when meet^ 
ing jets of the two gases ^t a certain point allow 
a (iontinued flame to b6 formed, the most refrac- 
tory substances melt in it like wax in a cc^nmon 
taper,— yet these gases may be kept miked toge- 
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ther in the coI4 reservoir of a condensed air blow- 
pipe without combining, and when they are set 
on fire issuing as a jet from a small opening, the 
flame does not travel inwards through the open- 
ing as might be feared, because it is cooled by the 
metal of the orifice. 

While solid bodies become very visible or in- 
candescent at about IjOW of Fahrenheit, airs, 
owing to their tenuity of condition, require to be 
heated much farther before they take on the vivid 
appearance of flame ; and airs of light atoms, like 
hydrogen, require to be heated still more than 
heavier airs. Thus a wire held in the pale blue 
flame of pure hydrogen, becomes much more lu- 
minous than the flame itself; and the flame of 
mixed oxygen and hydrogen escaping from a very 
minute orifice in a glass tube, may itself be scarcely 
visible, while the extremity of the tube heated by 
it becomes like a brilliant star. Hence the light 
of many flames may be increased by placing a 
wire gauze or other solid body in the flame. Con- 
sideration of this subject enables us to explain 
why common coal gas, which consists of hydrogen 
holding a quantity of carbon in solution, gives 
inhuming a- stronger light than pure hydrogen, 
and why oil gas, which contains about twice as 
much carbon as the coal gas, gives also about 
twice as much light : — ^for it appears that the at- 
mospheric air, which first mixes with these gases 
as they issue to bum, is sufficient to combine with 
all their hydrogen (which it most stropgly attracts), 
bat not at the same time with all their carbon ; 
the particles of the carbon therefore are sepa- 
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rated or precipitated in the flame, and became so 
many solid particles most intensely heated and lu- 
minous ; and afterwards when they have ascended 
a little higher, they meet with liew oxygen and 
burn in their turn, giving a second dose of light* 
That this decomposition of the gas really occurs 
is proved by placing a wire gauze in the flame, 
when we find that if held near the middle of the 
flame, it is immediately loaded with the particles 
of charcoal separated there, and cooled by it so as 
to cohere ; while if held at the bottom of the 
flame where the carbon is not yet separated, it 
retains none, and if held at the top of the flame, 
where they are already burned, it similarly retains 
none. A candle or lamp is said to smoke when 
the heat produced by it is not sufficient to effect 
the total combustion of the carbon which rises in 
its flame. 

When oxygen mixed with certain of the inflam- 
mable gases or vapours is raised to a temperature 
even considerably below that of common burning 
or explosion, a union still takes place, but very 
slowly, so that the temperature never rises to that 
necessary to exhibit flame. This phenomenon jhas 
been called invisible combustion. It is remarkably 
exemplified on plunging platinum or gold wire 
moderately heated into such a mixture : the com- 
bination then goes on in the immediate vicinity of 
the; hot wire ; and although without flame, still 
with sufficient disengagement of heat to maintain 
the wire in an incandescent or luminous state, as 
long as there are gases left to combine. Thus the 
vapour always arising at a common temperature 
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from die mouth of a phial of ether (ether com- 
fiists chiefly of hydrogen and carbon), if made t6 
pass through a coil of heated, platinum wire, will, 
while by this slow combustion, combining with 
the oxygen of the air around it, give out heat 
enough to keep the wire so luminous as to serve 
as a little lamp by which to read from the dial- 
plate of a watch through the night. A beautiful 
inodification of this principle has been adopted in 
the miners* safety lamp ; and when the air of the 
mine is too impnrie to maintain the flame, it still 
suffices thus to produce a continued light from 
the incandescent metal. 

^' Fuel'' 

Heat being, in the sense already explained, the 
life of the universe, and man having command 
over nature chiefly by his power of controlling 
heat, which power again comes to him with the 
ability to produce combustion, it is of great in- 
terest to inquire what substances he can most 
easily procure as food for combustion, or fuel^ 
as it is called, and how these may be most advan- 
tageously employed. To speak on this subject at 
all fully in reference to the various arts of life 
would be to compose an extensive work, but ah 
interesting sketch may be comprised within narrow 

limits. 

Although there are a great numbet of sub- 
stances, which in the act of their chemical union 
occasion the heat and light which constitute com- 
bustion, still by far the greater part of these, in 
an uncombined state, are so sparingly distributed 
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in nature^ and are therefore procurable with such 
diflSculty, that heat obtained by sacrificing them 
would be much too expensive to be within com- 
mon means. Providence however has willed that 
the elementary substance in nature which has the 
most energetic attraction for almost all other sub- 
stanceSy and which therefore produces in uniting 
with them the most intense heat, is also the most 
universally distributed of all. This substance is 
oatfgen. It forms part of our atmosphere, and 
therefore penetrates, and is present wherever man 
can exist or breathe, offering itself at once to his 
service. Then for the purpose of combining 
with the oxygen, there are chiefly two other sub- 
stances also very widely scattered, and therefore 
easily procurable and cheap. These are carbon 
and hydrogen, the great materials of all vegetable 
bodies, and therefore of our forest trees, and of 
coal beds, which seem to be the remains of an- 
tediluvian forests. Carbon is found nearly alone 
in hard coal, but it is united with a large propor- 
tion of hydrogen in caking coal, wood, wax, 
resins, tallow, and oils. The gases used for illu- 
mination are merely hydrogen, holding certain 
quantities of carbon in solution ; and all bodies 
which burn with flame give out such gases in the 
act of combustion. In the great mass of the earth 
as known to man, the stones, earths, and water, 
forming its surface, are already combinations of 
oxygen with other substances, and are therefore 
not in a . state to produce fresh combustion } but 
carbon and hydrogen, by various processes of 
vegetable and animal life, are in numberless si- 
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tuAtiotis becoming accomulated, so as to be fit for 
fuels— as by other processes the atmosphere is 
always preserved with its due proportion of 
oxygen. 

The name fuel is given only to the substances 
which combine with oxygen, and not to the oxygen 
itself, probably because the former being solid or 
liquid, and tlierefore more obvious to sense, were 
known as producers of combustion long before the 
existence of the aerifonn ingredient was even sus*- 
pected. 

Oils, fat, wax, &c. being or becoming in thmt 
combustion aeriform, exhibit the appearance of 
flame, as already explained, and hence are chiefly 
used for the purpose of giving light Wood^ 
again, and coal, are more frequently used for mere 
heating. But the chemist's lamp for distilling and 
evaporating, his common blow-pipe for directing 
the point of a flame upon any substance to melt 
it, and his condensed-air blow-pipe, whose flame 
of oxygen and hydrogen is capable of melting 
the most refractory substances, prove that it is 
chiefly the expense of the former kinds of fuel 
which has nearly limited them to the oflice of 
light-giving. Lately an important application of 
oil or fat as heat-giving fuel has been made in a 
general cooking apparatus, which promises to eflect 
a considerable diminution of house-keeping exr 
pense. 

Wood was the common fuel of the early world 
when coal mines were not yet known, and still in 
many countries it is so dbundant as to be the 
cheapest fuel. Charcoal is the name given to 
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what remains of wood after it has been heated in 
a ddse place, during which operation the fay^ 
drogen and other niinor ingredients are driven 
away in the form of vapour. Charcoal is neaiiy 
pure carbon. Coke, stgsdn^ is the carb<Mi obtained 
by a similar preparation of coal. The wood and 
coaly if similarly heated in the air, would burn or 
combine with the oxygen of the air j but heated 
in a vessel or place which exclude air, diey 
merdy give out their more volatile parts. 

Good coal, where it abounds, is now for ordi- 
nary purposes by much the cheapest kind of fuel} 
and since within a few years men have learned to 
obtain from it separately, and to use instead of 
oil and wax, its illuminating gas, viz. its^hydrogen^ 
holding in solution a little carbon, it has become 
doubly precious to them. A person reflectii^ 
that heat is the magic power which vivifes nature^ 
and that coal is what best giyes heat for the end^ 
less purposes of human society, cannot without 
admiration think of the rich stores of coal which 
exist treasured up in the bowels of the earth for 
man's use. And Brkain, in this respect, is mt^ 
gularly favoured. Her coal mines are in.eflfeet 
mines of labour or power vastly more precious 
than the gold and silver mines of Peru, for they may 
be said to produce abundantly every thiiig which 
labour and ingenuity can produce, and they have 
essentially contributed to make her mistress of the 
industry and commerce of the earth. Britain has 
become to the civilized world around, nearly what 
an (M'dinary town is to the rural district in which 
it stands, and of this vast and glorious ct^ the 
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mines in question are the coal-cellars, stored at 
the present rate of consumption for about 1,000 
years ; a supply which, as coming improvements 
in the arts of life will naturally bring economy of 
fuel, or substitution of other means to effect si- 
milar purposes, — ^may be regarded as exhaust- 
less,. 

Coal, we can scarcely doubt, is the remains of 
antediluvian forests, swept together during con- 
vulsions of nature into deep vallies, and there 
afterwards compressed and solidified by superin- 
cumbent deposits of earthy matters, these de- 
posits being probably aided in their operation by 
heat In many coal beds the trees of former 
times yet retain their form, so that their species 
can be easily distinguished, and there are buried 
among them other vegetable and animal remains 
of contemporaneous inhabitants of the earth. 
Coal is found of different qualities. In some 
places it is almost unmixed carbon, and exceed- 
ingly solid, as if it had been coked by subter- 
ranean heat Such is the stone-coal of Wales, 
which in 100 parts contains 97 of pure carbon, 
and only three of hydrogen and earthy matter. 
In other places the coal contains hydrogen in 
nearly as large proportion as wood does, and so 
combined with part of the carbon as to form the 
oily or pitchy substances existing in the coal, and 
which when burning produce flame, and when 
rising unburned constitute smoke. 

The comparative values, as fuel, of different 
kinds of carbonaceous matter, have been found 
QU experiment to be as in the following tables. 
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I lb. of Meltv of ice. 

Good coal 90lb. 

Coke 84 

Charcoal of wood 95 

Wood 32 

Peat 19 

Lavoisier, in making experiments on combus- 
tibles generally, to ascertain the quantities of 
oxygen expanded, a'nd of heat given out during 
the combustion of a given quantity of each, ob- 
tained the following results : 

1 lb. of Melts of ice. Takes of oxygen. 

Hydrogen gas 370 lbs 7ilbs. 

Carburetted hydrogen ... 85 4 

Olive oil 120 3 

Wax 110 3 

Tallow 105 3 

Charcoal 95 ^ 

Phosphorus 100 1^ 

Sulphur 25 1 

There are some remarks with respect to the using 
of common fuel, which seem to demand a place 
here. 

A pound of coke produces nearly as much heat 
as a pound of coal ; but we must remember that 
a pound of coal gives only three-quarters of a 
pound of coke, although the latter is more bulky 
than the former. 

It is wasteful to wet fuel, because the moisture 
in being evaporated carries off with it as latent, 
and therefore useless heat, a considerable pro- 
portion of what the combustion produces. It 
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is a very common prejudice, that the wetting of 
coal, by making it last longer, is effecting ist great 
saving ; but while, in truth, it restrains the com- 
bustion, and for a time makes a bad fire, it also 
wastes the heat. 

Coal containing much hydrogen, as all flaming 
coal does, is used wastefully when any of the 
hydrogen escapes without burning; for, first, the 
great heat which the combustion of such hydro- 
gen would produce is not obtained ; and, second- 
ly, the hydrogen, while becoming gas, absorbs 
still more heat into the latent state than an equal 
weight of water would. Now the smoke of a fire 
is the hydrogen^ of the coal rising in combination 
with a portion of carbon. We see therefore that 
by destroying or burning smoke, we not only 
prevent a nuisance, but effect a great saving. The 
reason that common fires give out so much smoke 
is, either that the smoke, or what we shall call 
the vaporized pitch, is not sufficiently heated to 
bum, or that the air mixed with it as it ascends 
in the chimney, has already, while passing through 
the fire, been deprived of its free oxygen. If 
the pitch be very much heated, its ingredients 
assumes new arrangement, becoming transparent, 
and constituting the common coal gas of out 
lamps; but at lower temperatures, the pitch is 
seen jetting as a dense smoke, from cracks or 
openings in the coal — a smoke, however, which imi- 
mediately becomes a brilliant flame if lighted by 
a piece of burning paper or the approximation 
of the combustion. The alternate bursting out 
and extinction of these l)urning jet$ of pitdiy va« 
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8Q lively, and of such agreeable cont&ipplation 
in the winter evenings. When coal is first 
thrown upon a fire, a great quantity of vaporized 
pitch escapes as a dense cold smoke, — too cold to 
bum, and for a time the flame is smothered, or 
there is none ; but as the fresh coal is heilted its 
vapour reproduces the flame as before. In close 
fire-places, those m. of great boilers, asof steam^* 
engines, brewing, and dyeing apparatus, &?c., all 
the air which enters after the furnace-door is shut, 
must pass through the grate and the burning fuel 
lying on it, and there its oxygen is consumed by 
the red*hot coal before it ascends to where the 
i^noke is. The smoke therefore, however hot, 
passes away unburnt, unless sometimes, as over 
foundery furnaces, where the heat is very great 
indeed, and it burns as a flame or great lamp at 
the chimney-top on reaching the oxygen of the 
open atmosphere. 

There have been many modes proposed of de^ 
stroying smcdj:e: one has been to admit, by a 
suitable opening, a certain quantity of fresh air 
to the space above the fire, the oxygen of which 
air may inflame the smoke. At a certain point of 
time after the additi<m of freeh fuel, this plan auo- 
jeeeds, and for the moment eBkcts a saving of fuel ; 
init the difficulty of admitting just the quantity 
of air required to suit the varying demand for iU 
has not been overcome, and hence from there 
lieing na saving cm the whole, the plan has been 
abandoned. When just enough air entered, the 
flame produced gaveso intense a heat as in several 
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cases to have burned or destroyed the parts of 
valuable boilers exposed to it ; and wheiit on the 
contrary^ toomuch air entered^it injuriously cooled 
the boiler. The contrivance at present most com- 
monly adopted for burning smoke» is that of Mr. 
Brunton/ t^ijsr. a circular fire-grate, kept turning 
like a horizontal wheel, and on which coal is by 
machinery made to fall in a gradual manner, so 
as to be uniformly spread over it The coal falls 
so gradually, that although there is generally a 
little smoke from it, there is never much, — ^the 
oxygen which finds entrance, through, andaround 
the grate, being always in quantity the same, and 
nearly sufficient. A smoke*consuming fire would 
be constructed on a perfect principle, in which 
the fuel were made to bum only at the upper 
surface of its mass, and so that the pitch and 
gas disengaged from it, as the heat spread down-^ 
wards, might have to pass through the bum* 
ing coals where fresh air were mixing with them : 
thus the gas and smoke, being the most in- 
flammable parts, would bum first and be all 
consumed. This was the principle proposed in a 
fire-place suggested by the author for the great 
brewery of Mr. Meux in his neighbourhood, and 
tried at the time when attempts were extensively 
made to abate the nuisance of smoke in town& 
The experiment proved the theoretical perfectioa 
of the method, and that it would produce a saving 
of 15 or SO per cent on the expenditure of coal ; 
but before a durable grate of the kind was com- 
pleted the Welch stone-coal was introchiced, 
which has 97 per cent of pure carbon, and there- 
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fore no pitch to evaporate, and nosmoke, — and it 
was at once adopted there and in many other 

places. Coal in a deep 
narrow trough, as a be d, 
if lighted at its surface a b, 
^ burns with a lofty flame 
as if it were the wick <^ 
a large lamp ; for all the 
gas given out from the coal below, as that is gra- 
dually heated, passes through the burning fuel 
and becomes a flame. Now, if we suppose many 
such troughs placed together, with intervals be* 
tween them, in place of the fire-bars of a common 
grate or furnace, there would be a perfect no^ 
smoking fire-place. Such was that made on the oc- 
casion mentioned ; and although flimsy and imper- 
fect, as a mere experimental apparatus, it put be* 
yond a doubt the possibility of accomplishing its 
object. The reason of the vast saving of fuel by 
such a grate is, that the smoke, instead of stealing 
away latent heat — ^being yet itself the most 
combustible and precious part of the fuel, 
gives all its powers and worth to the purpose 
of the combustion. The coal rested on moveable 
bottoms in the troughs, and was moved up like 
the wick of a lamp, by its screw : — ^the bottoms 
might be lifted in many ways. The author be^ 
lieves that this conduction, simplified as much as 
possible, will still be adopted for the NeW'- 
castle or flaming coal,— the consequences would 
be so important The principle has been already 
extensively introduced for common parlour fires 
by Mr. Cutlw in his stove, which is merely a 
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commoD grate» having instead of bottom^bars a 
deep box to hold the coal for a whole day, with a 
moveable bottom, which lifts the coal up as want- 
ed. Frew such a fire there is always ascending a 
loQg beautiful flame; and much more heat is 
given out» than from the same quantity of coal 
burned in the common way : the chimney never 
requires sweeping, for there is absolutely no 
smoke, and tlierefore no soot 

It is evident that if a house or apartment with 
the air in it, were once warmed to a certain d&» 
gree, it would for ever retain its temperature, but 
for the escape of heat through the wajls and win^ 
dowS) or with the air from within, whether pass^ 
ing away, as necessary ventilation or as waste. A 
perfect system q{ heating, therefore, would consist 
in diminishing as much as possible these causes of 
loss, with reference both to the expense of the 
means and the salubrity of the dwelling, and in 
producing and distributing the heat judiciously* 
It may be asserted that a fourth part of the fuel 
generally expended in English houses, if more 
skilfully used, would better secure comfort and 
health than all that is now expended. But it does 
not accord with the character of this general work 
to enter into minute detail on the subject Re- 
marks were made upon it in vol. L in the chapter 
on " Pn$urmtk^^ under the head of •< warming 
a9d ventilating,^ and more minute information 
m^y be gbtained ffom Mr; Tredgoki's work, exp- 
pres^y devoted to it 

The Qonmderation of fiirnaces, biow^-pipes, &ci 
may appear to some so closely connected with our 
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prepent subject a$ to demand a place here, but 
by treating of them we should be encroaching on 
the province of the chemist, &c. We may state 
generally, that furnaces are merely arrangements 
of parts by which coal or other fuel heated to the 
degreeat which it combinesrapidly with theoxygen 
of the atmospheric air, is placed in drcumstanoes 
fiivourable to the rapid renewal of the air,-*-r^id 
a common blow-pipe is merely a jet of air thrown 
from a minute opening into any flame, so as with, 
^eat precision to direct the point of the flame 
upon the body to be heated« The sand-bath and 
water-bath of the chemist are merely means of 
insuring a more uniform or steady temperature i-^^ 
a vessel imbedded in sand, so that heat can reach 
it only through the sand, cannot be very sud^ 
denly heated or cooled, because sand is a slow 
conductor ; and a vessel immersed in boiling water, 
can never have greater heat than ^12^, or the 
bpiling heat of water* For certain purposes, hot« 
ter baths, as of high-pressure steam, or of vapour 
of oil of turpeintine, or of boiling whale-oil, have 
heen used* On such subjects, readers may con. 
9ult works on ^^ chemistry applied to the arts*'' 

." Condensation and Friction as causes of Heat!\ 
(Read the Analysis, page 6,) 

A soft iron nail laid upon an anvil, and receive 
ing in rapid succession three or four poweiful 
blows of a hsuamer, becomes \xQk enoi^h to light 
a match, and if longer hammered, will become 
incaiid^tcent or red-hot, — ^partly from the dimi- 
nished volume or condensation of the iron, oh th« 



156 HflAT. 

principle already explained, and partly from the 
percusision or friction, in a way not yet well un« 
derstood; but probably electrical. 

In the familiar case of the mutual percussion of 
flint and steel, small portions of one or both are 
struck off by the violence of the collision, in a 
state of white heat, and the particles of the iron 
bum in passing through the air : — ^in a vacuum 
the heated particles are equally produced, but are 
scarcely visible from this combustion not occur- 
ing. In both cases, they suffice to inflame gun- 
powder, or to light tinder. When the materials 
are good, the shower of sparks from the sudden 
blow is most copious and brilliant 

The heat produced by friction alone, without 
perceivable condensation of the bodies concerned, 
is exemplified in many facts. Two dry branches 
kept strongly rubbing against each other by the 
wind, have sometimes set a wood on fire. Savages 
light their fires by analogous means. Men warm 
their cold hands in winter, by rubbing them 
against* each other, or against their coat-sleevesl 
Again, the axletree of a heavily laden waggon or 
other carriage, if left without oil, often inflames. 
The line attached to a whale-harpoon, as it runs 
over the side of the boat when the huge monster 
dives after the harpoon has entered his flesh, re- 
quires water to be constantly thrown on it to pre- 
vent its setting fire to the boat A cable drawn 
very rapidly through the hawse-hole by the falling 
anchor, produces great heat there and smdce. 
When a magnificent ship is launched from the 
builder's yard into the deep, and glides along the 
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sloping beams, a dense smoke rises from the 
points of rubbing contact. 

" The Functions qf Animal Life a source of Heat!* 
(Read the Analysis, p. 6.) 

It is one of the remarkable facts in nature, that 
living animal bodies, and to a certain degree living 
vegetables also, have the property of maintaining in 
themselves a peculiar temperature, whether sur- 
rounded by bodies that are hotter or colder than 
they. Captain Parry's sailors, during the polar 
winter, where they were breathing air that could 
freeze mercury, still had the natural warmth in 
them of OS** of Fahrenheit ; and the inhabitants 
of India, where the same thermometer stands 
sometimes at 115^ in the shade, have their blood 
at no higher a temperature. 

It was at one time the favourite explanation of 
this, that animal heat was produced in the lungs, 
during respiration, from the oxygen then admitted. 
This oxygen combines with carbon from the 
blood, and becomes carbonic acid as in combustion, 
and it was supposed to give out a portion of its 
latent heat, as in actual combustion ; which heat 
being then spread over the body by the circu- 
lating blood, maintained the temperature. We 
now know that if such a process assist, which it 
probably does, — ^for the animal heat has generally 
a relation to the quantity of oxygen expended in 
any particidar case, and when an animal being 
already much heated needs no increase, very little 
oxygen disappears, — still much of the effect is 
dependent on the influence of the nerves, either 
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directljy or indirectly through the vital functions 
governed by them, Mr. Brodie, in his impor* 
tant experiments upon the subject, found that 
although in animals apparently dead from injury 
done to the nervous system, he could artificially 
continue the action of respiration, with the 
usual formation of carbonic acid, still the tem« 
perature fell very quickly. The maintenance 
of low temperature in an animal immersed in 
air hotter than itself, is partly attributable to 
the copious perspiration and evaporation whidi 
then take place, and which absorb into the 
latent form the excess of heat then existing. 
Perspiration, both from the skin and internal 
surfiM^e of the lungs, occurs generally in propor^ 
tion to the excess of heat Dogs and other aiii* 
mals, when much heated, as they cannot' Axomt 
off or diminish their natural covering, increase 
the evaporating surface by protruding a long fau^ 
mid tongue. 

The power in animals of preserving their pe- 
culiar temperature has its limits. Intense cold 
coming suddenly upon a man who has not suffi- 
cient protection, first causes a sensation of pain, 
and then brings on an almost irresistible sleepiness, 
which if indulged would be fatal. Sir Joseph 
Banks having gone on shore one day near the cold 
Cape Horn, and being fatigued, was so overcome 
by the feeling mentioned, that he intreated his 
companions to let him sleep for a little while. 
His prayer granted, might have allowed that sleep 
to come upon him which ends not — ^the sle^ of 
death ! as, under similar circumstances, it oune 
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upon SO many thousands of the army which Buo- 
naparte led into Russia, and lost there during the 
disasti*ous retreat through the snows, Buonaparte's 
celebrated bulletin allowed that in one night, 
when the thermometer of Reaumur stood at IQ'^ 
below zero, 30,000 horses died 1 Cold in inferior 
degrees, and longer continued, acting on persons 
imperfectly protected by clothing, &c. induces a 
varie^ of diseases, which destroy more slowly. 
A great excess of heat, again, may at once excite 
a fatal apoplexy, and heat in inferior degrees, 
but long continued, may cause those fevers, &c 
which prevail in warm climates, and which are so 
destructive to strangers in these climates. 

Each species of animal has a peculiar tempe*- 
rature natural to it, and in the diversity are found 
creatures fitted to live in all parts of the earthy 
what is wanting in internal bodily constitution 
being found in the admirable protecting covering 
which nature has provided for them^— covering 
which grows from their bodies, with form of fur 
or feather, in the exact degree required, and even 
so as in the same animal to vary with climate and 
season. Such covering, however, has been denied 
to man ; but the denial is not one of unkindness : 
—it is the indication of his superior nature and 
destinies. Godlike reason was bestowed on man^ 
by which he subjects all nature to his use, and he 
was left to clothe himself. 

The human race is naturally inhabitant of a 
warm climate, and the paradise described as 
Adam's first abode, may be said still to exist over 
vast regions about the equator. There the sun'p 
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influence is strong and uniform^ producing a rich 
and warm garden, in which human beings, how- 
ever ignorant of the world which they had come to 
inhabit, would have their necessities supplied al- 
most by wishing. The ripe fruit is there always 
hanging from the branches ; of clothing there is 
required only what moral feeUngs may dictate, or 
what may be supposed to add grace to the form ; 
and as shelter from the weather, a few broad leaves ^ 
spread on connected reeds, will complete an In- 
dian hut The human family, in multiplying and 
spreading in all directions from such a centre, 
would find, to the east and west, only the length- 
ened paradise, with slightly varying features of 
beauty ; but to the north and south, the changes 
of season, which make the bee of high latitudes 
lay up its winter store of honey, and send mi- 
grating birds from country to country in search of 
warmth and food, would also rouse man's energies 
to protect himself His faculties of foresight and 
contrivance would come into play, awakening in- 
dustry ; and as their fruits, he would soon possess 
the knowledge and the arts which secure a happy 
existence in all climates, from the equator almost 
to the pole. It is chiefly because man has learned 
to produce at will, and to control, the wonder- 
working principle of heat, that in the rude winter, 
whicli seems the death of nature, he, and other 
tropical animals and plants which he protects, do 
not in reality perish — even as a canary-bird es- 
caped from its cage, or an infant exposed among 
the snow-hills. By producing heat from his fire, 
he obtains a novel and most pleasurable sort of 
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existence; and in the nighty while the dark and 
freezing winds are howling over his roof, he basks 
in the presence of his mimic sun, surrounded by 
his friends and all the delights of society j while 
in his store-rooms, or in those of merchants at his 
command, he has the treasured delicacies of every 
season and clime. He soon becomes aware, too, 
that the dreary winter, instead of being a 
curse, is really in many respects a blessing, by 
arousing from the apathy to which the eternal 
serenity of a tropical sky so much disposes. In 
climates where labour and ingenuity must precede 
enjoyment, every faculty of mind and body is in- 
vigorated; and hence the sterner climates form 
the perfect man. It is in them that the arts and 
sciences have reached their present advancement, 
and that the brightest examples have appeared of 
intellectual and moral excellence. 
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PART FOURTH- 

fConiimKd.J 
SECTION IL— ON LIGHT, ob OPTICS. 

ANALYSIS OF THE SECTIOK. 

Light is an emanation from the sun and other luminous bodies^ 
becoming less intense as it spreads^ and vohidi, by JaUing on 
other bodies^ and being reflected from them to the eye, renders 
them visible. It moves imth great velocity, and in straight lines 
tvhere there is no obstacle^ — leaving shadows xiohere it cannot faU. 
It passes readily through some bodies^^which are therefore 
called transparent, but tvhen it enters or leaves their surfaces 
obliquely f it suffers at them a degree of bending or refraction 
proportioned to the obliquity. And a beam of fjohite light thus 
refracted or bent, under certain circumstances, is resolved into 
beams of all the elementary colours, xjohich hotvever, on being 
again blended, become the white light as before. 

Transparent bodies, as glass, may be made of such form as to 
cause all the rays which pass through them from any given 
point to bend and meet again in another point beyond them ; — 
the body then, because usually in form somewhat resembling a 
flat bean or lentil, being called a lens. And when the light 
thus proceeding from every point of an object placed before a 
lens is collected in corresponding points behind it, a perfect 
image of the object is there produced, to be seen on a white 
screen placed to receive it, or in the air, by looking towards 
it in a certain direction. Now the most important optical in- 
struments, and even the living eye, are merely arrangements of 
parts for producing and viewing such an image under variety of 
circumstances. When this image is received upon a suitable 
white surface or screen in a dark room, the arrangement is 
called, according to minor circumstances, a camera obscura, 

a MAGIC LANTERN, or SOLAR MICROSCOPE. And the EYE 

itself is, in fact, but a small camera obscura, — of which the pupil 
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is the round opening or toindom before the lem^^^^enallmg the 
mind to judge of external objects^ by the size^ brightness^ co* 
lour, Sfc. of the very minute but most perfect images or pic^ 
tures formed at the back of the eye, on the smooth screen of 
nerve called the retina* The art of painting aims at producing 
on a larger scale such a picture, emd rvhieh tohen qftettoards 
held before the eye, and reproducing itself in miniature up&n 
the retina, may excite the same impression as the original ob-* 
Jects. — fVhen the image beyond a lens, formed as above described, 
' is viewed in the air, by looking at it in a particular direction, 
then there is exhibited the arrangement of parts eonstituting the 

TELESCOPE, or COMMON MICROSCOPE. 

Ught falling on very smooth or polished surfaces, is reflected so 
nearly in the order in which it falls, as to appear to the eye as 
if coming directly from the objects originally emitting it, -^ and 
such surfaces are called mirrors. Mirrors may be plane, con-^ 
vex, or concave ; and certain forms tmU produce images by 
reflexion, just as lenses produce them by refraction ; so that 
there are reeling telescopes, microscopes, Sfc, as there are 
refracting instruments of the same kind. Light, again, falling 
on bodies of rougher or irregtdar surface, or which have 
ether peculiarities, is so modified as to produce all those phe^ 
nomena of colour and varied brightness seen among natural 
bodies, and giving them their distinctive characters and beauty. 

" LightJ' (See the Analysis,) 
The phenomena of Kght and vision have always 
been held to constitute a most interesting branch 
of natural science ; whether in regard to the 
beauty of light, or its utility. The beauty is seen 
spread over a varied landscape^ — among the beds 
of the flower-gardens, on the spangled meads, in 
the plumage of birds, in the clouds around the 
rising and setting sun, in the circles of the rain<- 
bow. And the utility may be judged of by the 
reflexion, that had man been compelled to sup- 
ply his wants by groping in utter and uncharige- 
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able daricness, even if originally created with all 
the knowledge now existing in the worlds he could 
scarcely have secured his existence for one day. 
Indeed^ the earth without light would have been 
an unfit abode even for grubs, generated and 
living always amidst their food. Eternal night 
would have been universal death. Light, then, 
while the beauteous garb of nature, clothing the 
garden and the meadow, — ^glowing in the ruby: — 
sparkling in the diamond, — ^is also the absolutely 
necessary medium of communication between 
living creatures and the universe around them. 
The rising sun is what converts the wilderness 
of darkness which night covered, and which to 
the young mind, not yet aware of the regularity 
of nature's changes, is so full of horror, into a 
visible and lovely paradise. No wonder, then, if, 
in early ages of the world, man has often been 
seen bending the knee before the glorious lumi- 
nary, and worshipping it as the God of Nature. 
When a mariner, who has been toiling in mid- 
night gloom and tempest, at last perceives the 
dawn of day, or even the rising of th^ moon, the 
waves seem to him less lofty, the wind is only 
half as fierce, sweet hope beams on him with 
the light of heaven, and brings gladness to his 
heart A man, wherever placed in light, receives 
by the eye from every object around — ^from hill 
and tree, and even a single lea^*— nay, from every 
poiAt in every object, and at every moment of 
time» St messenger of light to tell him what is 
there, and in what condition. Were he pmnipre* 
sent, or had he the power of flitting from place to 



EMANATION I^OM THE SUN, &C. . 1&$ 

place with the speed of the wind, he could 
scarcely be more promptly informed. And even 
in many cases where distance intervenes not, light 
can impart at once, knowledge which, by any 
other conceivable means, could come only tedious- 
ly, or not at all. For example, when the illu- 
minated countenance is revealing the secret work- 
ings of the heart, the tongue would in vain try to 
speak, even in long phrases, what one smile of 
friendship or affection can in an instant convey ; 
— and had there been no light, man never could 
have been aware of the miniature worlds of life 
and activity which, even in a drop of water, the 
microscope discovers to him ; nor could he have 
formed any idea of the admirable structure be- 
longing to many minute objects. It is light, 
again, which gives the telegraph, by which men 
converse from hill to hill, or across an extent of 
raging sea, — and which pouring upon the eye 
through the optic tube, brings intelligence of 
events passing in the remotest regions of space. 

" Emanation Jrom the suny^ Sgc. (See the 
Analysis, page 162.) 

The relation of the sun to light is most strik- 
ingly marked in the contrast between night and 
day; as the relation between combustion and 
light is seen in the brilliancy of an illuminated 
hall or theatre, as compared with the perfect 
darkness when the chandeliers are extinguished. 
In tropical countries, where the sun rises almost 
perpendicularly, and allows not the long dawn 
and twilight of temperate latitudes, the change 
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from perfect darkness to the overpowering efilil* 
gence of day, is so sudden as to be most im- 
pressive. An eye turned to the east has scarcely 
noted a commencing brightness there, when that 
brightness has already become a glow; and if 
clouds be floating near to meet the upward rays, 
they appear as masses of golden fleece suspended 
in the sky : a little after the whole atmosphere is 
bright, and the stream of direct light bendinground, 
makes the lofty mountain-tops shine like burnished 
pinnacles ; then as the stream reaches to still 
lower and lower levels, the inhabitants of these in 
succession see the radiant circle first rising above 
the horizon like a tip of flame, but soon displaying, 
as in days of Pagan worship, all its breadtli and 
glory, — too bright for the eye to dwell upon* 
With evening the same appearances recur in a 
reversed order, ending, as in the morning they 
began, in complete darkness. 

Light emanates also from the stars, but they 
are so distant as in that respect to be of little im- 
portance to this earth. And there are still other 
transient sources in animal and vegetable nature, 
and among solar phosphori, but they do not merit 
particular attention here. 

There have been two opinions respecting the 
nature of light : one, that it consists of extremely 
minute particles darting all around from the lu- 
minous body ; the other, that the phenomenon is 
altogether dependent on an undulation among the 
particles of a very subtile elastic fluid difliised 
through space, — as sound is dependent on an un* 
dulation among air-particles. Now if light be 
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particles darting around, their minuteness must 
be wcMiderful, as a taper can fill with them for 
hours a space of four miles in diameter ; and 
with the extreme velocity of light, if its particles 
possessed at all the property of matter called 
inertia, their momentum should be very remark- 
able, — it being found, however, that even a large 
sunbeam collected by a burning-glass, and thrown 
upon the scale of a most delicate balance, has 
not the slightest effect upon the equilibrium. 
Such, and many other facts to be treated of in , 
subsequent parts of this work, lead to the opinion 
that there is an undulation of an elastic fluid con- 
cerned in producing the phenomenon of light. 

** Becoming less intense as it spre'adsJ^ (See the 
Analysis, page 162.) 

Any emanation from a central point, in spread- 
ing through wider space, becomes proportionally 
thinner or less intense. Thus, if a taper be 
placed in the centre of a box, each side of which 
is a foot square, all the light must fall on the sides 
of the box, and will have a certain intensity 
there ; — ^if the taper be then placed in a box with 
sides of two feet square, there will be only the 
same quantity of light, but that will be spread 
over four times the surface (a square of two feet 
is made up of four squares of one foot), and will 
therefore on any part of that surface be only one* 
fourth part as strong or intense as in the first 
box : — and so for any other size of box or space, 
the intensity diminishing as the square of the dia* 
tance increases. 



168 LIGHT* 

Hence four times as much light and heat fall 
upon a foot of this earth's surface as upon a foot 
of the surface of the planet Mars, which is twice 
as distant from the sun : — as four times as much 
light and heat fall on a man who is at one yard 
from the fire, as on another who is, at two yards. 

" FaJUng on other bodies makes them visible** 
(Read the Analysis, page 162.) 

If the window-shutter of an apartment be per- 
fectly closed, an eye there turns upon an absolute 
blank : it perceives nothing. If a ray of the sun 
be then admitted, and made to fall upon any ob» 
ject, that object becomes bright, and affects the 
eye as if it were itself luminous. It returns a 
part of the light which falls upon it, and it is 
visible in all directions, proving that it scatters 
the received light all around. This scattered light, 
again, falling on other objects, and reflected from 
and among them until absorbed, like echo repeated 
many times and lost between perpendicular rocks, 
makes all of them also visible, although in a less 
degree, and the whole apartment is said to be 
lighted. If the sun's ray be made to fall upon a 
thing which from its nature reflects much of the 
light, as a sheet of white paper, the apartment 
will be well lighted : — ^if, on the contrary, it be 
received on black velvet, which returns hardly 
any light, the apartment will remain dark ;— and, 
again, if received on a polished mirror, which re- 
turns nearly the whole light, but in one direction 
only, and therefore throws it iipon some other 
single object, the effect will be according to the 
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nature of that object, and nearly as if the ray 
had fallen directly upon it. 

Now all bodies on earth, and very remarkably 
the mass of atmosphere surrounding the earthy 
retain and diffuse among themselves for a time 
the light received directly from the sun, and by 
so doing, maintain that milder radiance so agree- 
able to the sight, which renders objects visible 
when the sun's direct ray does not fall upon them. 
But for this fact, indeed, all bodies shadowed 
from the sun, whether by intervening clouds or 
by any other more opaque masses on earth, would 
be perfectly black or dark ; that is, totally invi- 
sible. And without an atmosphere, the sun would 
appear a red-hot orb in a black sky. On lofty 
summits, where half the atmosphere is below the 
level, the direct rays of the sun are painfully in- 
tense, and the sky is of darkest blue. 
. A shadow is the name given to the comparative 
darkness of places or objects, prevented by interven- 
ing obstacles frpm receiving the direct rays of some 
luminous body shining on the things around. The 
apparent darkness of a shadow, however, is not 
proportioned to its real darkness, but to the in* 
tensity of the surrounding lights. A landscape 
may be very bright, even when the sun is veiled 
by clouds, and then little or no shadow is per- 
ceived ; but as soon as the clouds pass away, deep 
shadows are cast behind every projecting object. 
Yet the objects and places then .appearing so 
dark, are ia reality more illuminated than before 
the shadow existed, for they are receiving, and 
again scattering new. light from all the more in- 
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tensely illuminated objects around them. A finger 
held between a candle and the wall, casts a sha- 
dow of a certain intensity ; if another candle be 
then placed in the same line from the wall, the 
shadow will appear doubly dark, although in fact 
more light will be reaching the eye from it than 
before. If the candles be separated laterally, so 
as to produce two shadows of the finger, but 
which coincide or overlap in one part, that part 
will be of double darkness, as compared with 
die remainders. The most accurate mode of 
comparing lights is to place them at difierent 
distances from a screen or wall, so as to make 
them at the same time throw equally dark shadows j 
and then, according to the law of decreasing in- 
tensity explained above, to calculate the inten* 
sities of the sources of light by the difference 
of their distances from the wall. The eye judges 
very easily of the equal intensity of compared 
shadows. 

The real darkness of a shadow depends on the 
number and nature of the light-reflecting objects 
around it Thus, shadows are less remarkable 
opposite to any white surface, as that of a re- 
cently painted wall. The reason why the moon 
when eclipsed, that is, as will be afterwards ex- 
plained, when passing through the shadow cast 
by the earth on the side away from the sun, is 
almost quite invisible, is, that there are no similar 
bodjles bearing laterally on the moon to share their 
light with it. And the reason why oar nights on 
earth are darker than the shadows behind a house 
or rock in the sunshine of day, is merely that 
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there are not other earths near us to reflect light 
into the great night-shadow of the earth, as there 
are other houses and rocks to illumine the day* 
shadow of these* The moon is the only lights 
reflecting body which the earth has near it ; and 
we perceive how much less dark the night-shadow 
is when the moon is so placed as to bear upon it. 
The eclipsed moon, again, is invisible, because 
facing the shadowed part of the earth ; but when 
the moon is in the situation called new moon, the 
bright crescent, or part directly illuminated by 
the sun, is always seen to be surrounding the 
shaded part, as if holding the old moon iii its 
arms : — ^that is, the shaded side of the moon is 
then, in a degree, visible to us, because facing 
the enlightened side of the earth. 

Many persons have doubted whether the light 
of the moon could be altogether reflected light 
of th^ sun ; the moon appearing to them more 
luminous than any opaque body on earth merely 
exposed to the sun*s rays. Their error has arisen 
from their contrasting the moon while returning 
direct sunshine with the shadows of night on the 
earth around them. But could they then see 
on a hill near them, a white tower or other object 
scattering light as when receiving the rays of a 
meridian sun, that object would appear to them to 
be on fire, and therefore much brighter than the 
moon. The moon, when above the horizon in 
the day-time, is perfectly visible on earth, and i* 
then throwing towards the earth as much light as 
during the night; but the day-moon does not 
appear more luminous than any small white cloud, 
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and although visible every day except near the 
change, many persons have passed their lives 
without ever observing it. . The full moon gives 
to the earth only about a one*hundred-thousandth 
part as much light as the sun. 

" Light moves with great velocity J* (See the 
Analysis, page 162.) 

The extraordinary precision with which the as- 
tronomical skill of modern times enables men to 
foretell the times of remarkable appearances or 
changes among the heavenly bodies, has served 
for the detection of the fact, that light is not an 
instantaneous communication between distant ob- 
jects and the eye, as was formerly believed, but 
a messenger which requires time to travel : — and 
the rate of travelling has been ascertained in the 
same way. 

The eclipses of the satellites or moons of the 
planet Jupiter had been carefully observed for 
some time, and a rule was obtained which fore- 
told the instants in all future time when' the satel- 
lites were to glide into the shadow of the planet, 
and disappear, or again to emerge into view. Now 
it was found, that these appearances took place 
16^ minutes sooner when Jupiter was near the 
earth, or on the same side of the sun with the 
earth, than when it was on the other side ; that 
is to say, more distant from the earth by one dia*- 
ineter of the earth's orbit, and at all intermediate 
stations the dijSerence diminished from the 16^ 
minutes, in exact proportion to the less distance 
from the earth. This proves then that light takes 
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16|^ minutes to travel across the earth's orbit, and 
8|; minutes for half that distance, or to come down 
to us from the sun. 

The velocity of light, ascertained in this way, 
is such, that in one second of time, viz. during a 
single vibration of a common clock pendulum, it 
would go from London to Edinburgh and back 
200 times, and the distance between these is 400 
miles. This velocity is so surprising that the phi- 
losophic Dr. Hooke, when it was first asserted 
that light was thus progressive, said he could more 
easily beliqve the passage to.be absolutely instan- 
taneous, even for any distance, than that there 
should be a progressive movement so inconceivably 
swift. The truth, however, is now put quite be- 
yond a doubt by many collateral facts bearing 
upon it. 

As regards all phenomena upon earth, they may 
be regarded as happening at the very instant when 
the eye perceives them; the difference of time 
being too small to be appreciated : — for, as shewn 
in the preceding paragraph, if our sight could 
reach from London to Edinburgh, we should per« 
ceive a phenomenon there in the four-hundredth 
part of a second after its occurrence. 

It is hence usual and not sensibly incorrect, 
when we are measuring the velocity of sounds as 
when a cannon is fired, by observing the time be« 
tween the flash and the report, to suppose that 
the event takes place at the very moment when it 
is perceived by the eye. 

In using a telegraph, no sensible time is lost 
on account of light requiring time to travel A 
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message can be sent from London to Portsmouth 
in a minute and a-half ; and at the same rate a 
communication might pass to Rome in about half 
an hour, to Constantinople in forty minutes, to 
Calcutta in a few hours, and so on. A telegraph 
is any object which can be made to assume diffe- 
rent forms or appearances at the will of an atten- 
dant, and so that the changes may be distinguish- 
ed at a distance. A pole with moveable arms is 
the conunon construction, each position standing 
for a letter, or cypher, or word, or sentence, as 
may be agreed upon. Telegraphic signals be- 
tween ships at sea are generally made by a few 
flags, the meanings of each being varied by the 
mast on which it is hoisted, and by its combina- 
tion with others. 

" Light proceeds in straight UneSj^ ^c» (Read the 
Analysis, page 162.) 

Our very notion of a straight line is taken from 
the direction in which light moves : — ^but we can 
verify a line so obtained by other means, as by 
stretching a cord between the two extremes, or 
by suspending a weight by a cord, and making a 
moveable solid measure to correspond with this, 
which measure may be used in any other case. 

We can see through a straight tube, but not 
through a crooked one. The vista through a 
long straight tunnel is striking as an illustration 
of this fact, and of the diminution in the appa- 
rent size of objects as they are more distant. If 
a person enter one end of the canal-tunnel two 
mUes long, cut through the chalk-hiBs near Ro- 
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Chester to join the Thames and Medway rivers, 
the opening at the distant end is seen as a mi- 
nute luminous speck, having the form of the ge- 
neral arch, and appearing in the centre of the shade 
to an eye placed in the centre ; and a person who 
has advanced half way through the tunnel, may 
see the luminous speck, at each end, then appear- 
ing a little 'larger than in the former case. 

In taking aim with gun or arrow, we are merely 
trying to make the projectile go to the desired 
objects nearly by the path along which the light 
comes from the object to the eye. 

A carpenter looks along the edge of a plank, &c. 
to see whether it be straight. 

Because light moves in straight lines, if a num- 
ber of similar objects be placed in a row from 
the eye, the nearest one hides the others. In a 
wood or a city, a person sees only the trees or 
houses that are near. 

Some ignorant people believe that a squinting 
person can see round a corner, as they believe 
that a crooked gun can shoot round a comer. 

All astronomical and trigonometrical observa- 
tions are made on the faith of this property of light, 
the observer holding that any object is situated 
from him in the direction in whidi the light 
comes to him from it. When the mariner, after 
watching for hours in cloudy weather, has caught 
a glimpse of the sun or a star through his sextant- 
glass, he has ascertained his place among the 
trackless waves, and boldly advances through the 
midst of hidden dangers. And the beam from 
the light«house looking from the rocky height 



176 LIGHT. 

over the sea» would be useless if the light from 
it came not in a straight line. 

" Leaving shadows where it cannot fallP (See the 
Analysis^ page 162.) 

The form of shad&ws proves that light moves in 
straight lines, for the outline of the shadow is 
always correctly that of the object as seen from 
the luminous body. If the light bent round the 
body, this could not be. 

The shadow of a face on the wall is a correct 
profile. 

As a wheel presented edgeways to the eye ap- 
pears only like a broad line, but becomes oval or 
round as it is more turned, so a wheel presented 
edgeways to the sun or other light, casts a linear 
shadow on the wall behind it, the shadow becom- 
ing oval or round as the position is changed. 

A globe, a cylinder, a cone, and a flat circle, 
will all throw the same form of shadow if held 
with their axes pointing to the luminous body, and 
therefore by the shadow only, these objects could 
not be distinguished. 

The figure of a rabbit cut in pasteboard, will 
throw the same shadow on the wall as the animal 
itself; and, again, that shadow may be perfectly 
imitated by a certain position of the two hands 
joined, as is known to those who find pleasure 
in witnessing the surprise and delight of infancy 
made to behold such a shadow mimicking the ac- 
tions of life. 

A man under the vertical sun stands upon his 
little round shadow ; but as the sun declines in the 
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afternoon, the shadow juts out on the opposite 
side, and at last may extend over a whole field. . 

A distant cloud which appears to the eye of an 
observer only as a line in the sky, may be shadow- 
ing a whole region ; for clouds generally form in 
level strata, and when viewed at a distance are 
seen edgeways. 

The velocity of the wind may be ascertained by 
marking the time which the shadow of a cloud 
takes to pass over a plain or other space of known 
dimension. 

All the heavenly bodies of the solar system cast 
a shadow beyond them on the side opposite to the 
sun, as is seen when any body previously visible 
passes where that shadow is. The satellites or 
moons of Jupiter, when they suddenly disappear 
to our glasses, have generally only plunged into 
the shadow of the planet, and are not hidden be- 
hind its body, as many suppose. When our own 
moon is the subject of that phenomenon so awfid 
in the early ages of the world, an eclipse, she is 
only passing through the round shadow which the 
earth casts beyond it. 

When the luminous centre is larger than the 
body which casts the shadow, the shadow will be 
less than the body. This is true of the shadows 
of all the planets and of the earth, because they 
are less than the sun. 

On the contrary, if the light-giving surface is 
smaller than the opaque body,> the shadow wiU be 
larger than the body. Th^ shadow of a hand held 
between a candle and the wall is gigantic ; and a 
small pasteboard figure of a man placed near a 

N 
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narrow centre of ligfat» throws a ahadow aa big aa 
a real man. The latter fitct has been amusingly 
illustrated by the art of making j^iantasmagoric 
shadows^ 

When die sniface which receires a shadow is 
aot directly exposed to the light, the ahadow may 
be much larger than the object, even although the 
sun himself be throwing the Hght; — as is seen 
when a slightly projecting roof shadows from the 
high SUB of summer noon die whole A*ont of a 
house, or as is proved by the IcHig evening shadows 
^ all countries. 

*' Light passes readibf through some bodies — ^hkk 
are therrfore called transparent; but when it 
enters or leaves their svrjaces obliqueb/, its course 
is bent.*' (Read the Analysis,' page 162.) 

It may well excite the surprise of inquirers that 
light, of which the constituent particles are so in- 
conceivably minute, should still be able :to darjt 
readily and in every direction through great mas^i^ 
of solid matter^ but such is the trul^. Thick pla4;es 
of solid glass, blocks of rock crystal* mouBtaio^ 
of ice, &C., are instantly pervaded hy die beam 
of the sun. 

Whst it is in die conslstutioii lof one maas as 
compased with another, wluch fits the former to 
transmit light, and the latter to obstruct it;> w^ 
csmnot dearly e}q[>lain, but we perceive that the 
arrangement of the particles has more influenqe 
than their peculiar mature. Nothing is mwe 
4Dpaque than thick masses of the metals, hvilt up- 
thas^ is more transpweni; than equaUjr thidc 
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HisMwes of the same metals in solution, nor than 
the glasses of which a metal forms a large pro- 
portico. The thcnisaixl salts formed by the 
union of the metals or earths with the diluted 
acidSf are all transparent, when, in cooling from 
the fluid to the solid state, Idieir particles, have 
heea allowed to wrange themselves according to 
the laws of their mutual attraction, that is to say, 
to form crystals ; but the same substances in other 
states, as when reduced to powder, are opaque* 
£v«n the pure metals themselves, when reduced 
to leaves of great thinness, are transparent, as 
may be perceived by looking at a lamp through 
fine gold leaf* It is to be remarked, however, 
that even the most transparent bodies intercept a 
considerable part of the l|ght which enters them : a 
cJkpth of seven feet of pure water intercepts about 
one-half, so thai; the bottom of the sea is very 
dark. And of the sun's light, when passing 
oUiquely through the atmosphere towards the" 
earth, only a ^mall part anive$. 

Light having once entered a transparexit mass 
of uniform nature, passes forward in it as strai^tly 
as in a vacuum ; but ait the si^ face, whether cm 
entering or lemmg iit, if the pai^age be oblique, 
and if the mass be of a diiSSenent density from the 
tcanspare^t medium aroufid U, a veiy curipus and 
flaost important phenemenQH occurs, viz. the tight 
sofifers a degree of bending ffom its aatec^d^t 
diceetion, or a re&aetiM, proportioned to the ob- 
liquity. 

But for this fact, which io mmy persons might 
at first appear a subject (rf regret> as preventing 

N 2 
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the distinct vision of objects through all trans- 
parent media, light could have been of little 
utility to man. There could have been neither 
lenses as now, nor any optical instruments, as 
telescopes and microscopes, of which lenses form 
a part ; nor even the eye itself. 

Light falling from the air directly or perpen- 
dicularly upon a surface of water, glass, or any 
such transparent body, passes through without 
suffering the least bending;—- a ray, for instance, 

shot from a to the point c, 
in the surface of a piece 
of glass g A, would reach 
directly across to h; but 
if the ray fell obliquely, 
as from d to c, then, in- 
stead of continuing in its 
first direction, and going 
on to i and Ar, it would at 
the moment of its entrance 
be bent downwards into the path c e, nearer to a 
line c 0, called the perpendicular to the surface 
at the point of entrance, — and then moving 
straightly while in the substance of the glass, it 
would, when it passed out again at e, in the op^ 
posite surface, be bent just as much as at first, 
but in the contrary direction, or away from a si- 
milar perpendicular at that surface, viz. into the 
line e f instead of e w. A ray therefore passing 
obliquely through a transparent body of parallel 
surfaces, has its course shifted a little to one side 
of the original course, but still proceeds in the 
same direction, or in a line parallel to the first— 
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as here shewn in the line e f^ parallel and near to 
the line % k. 

The degree of bending or refraction of light in 
traversing a transparent surface is ascertained by 
comparing the obliquity of its approach to the 
surface with the* obliquity of its departure after 
passing ; and for this purpose a Kne is supposed 
to be drawn perpendicularly through the surface 
at the point where the ray passes (as a bin the 
above figure drawn through c, where the ray d c 
passes), and the relative positions of the ray to 
this line on both sides of the surface, are easily 
ascertained. Thus the line a rf, drawn from 
any point of such perpendicular to the ray before 
passing, is a measure of the original obliquity or 
angular distance of the ray, and is called the sim 
of the angle qfincidence^ and the other line o e drawn 
from a corresponding point of the perpendicular 
to the ray after the passing, is a measure of the 
obliquity after refraction, and is called the sine qf 
the angle of refraction : — ^by comparing these two 
lines in any case, the problem is solved. 

When light passes obliquely from air into water, 
the refraction or.bending produced is such, that the 
line a d measuring the obliquity before refraction, is 
always longer than the line o e measuring it after re- 
fraction, by nearly one-third of the latter, and the re- 
fractive power of water is therefore signified by the 
index \\ or 1.33 j as in like manner the greater re- 
fractive power of common glass has the index 1^, 
that of diamond the index 2^, and so on. And it is 
important to remark, that for the same substance, 
whatever relation holds between the obliquity of 
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a ray and the refraction in any one case, the 
same holds for all cases. If, for instance, where 
the obliquity, as measured by its me^ is 4(^ and 
the refracticm is half, or 20, then in the same 
substance an obliquity of 10 will occasion a re- 
fraction of 5, and an obliquity of 4 will occasion 
a refraction of 2 ; and so on. 

As a genera] rule, the refractive power of trans- 
parent substances or media is prop<»i;ioned to 
their densities. It increases, for instance, through 
the list of air, water, salt, glass, &c. But Newton, 
while engaged in his e^tperiments upon the sub- 
ject, observed that inflammable bodies had greater 
refractive power than others, and he then ha^nirded 
the conjecture, almost of inspired sagacity, and 
which chemistiy has »nce so remarkably verified, 
that diamond and water contained inflammable 
ingredients. We now know that diamond is 
merely crystallized carbon, and that water con^ 
sists altogether of hydrogen or inflammable air 
and oxygen. Diamond has nearly the greate&t 
light-bending power of any known substances^ 
and hence comes in parfc its brilliancy as a jewel. 

No good explanation has been given of the sin- 
gular fact of refraction ; but to facilitate the con- 
ception and remembrance of it, we say that it 
happens as if it were owing to an attraction be- 
tween the light and the refracting body or me- 
dium» The light approaching from d to c, for 
instance, may be supposed to be attracted by the 
solid body below it, so as at the surface to be 
bent into the direction c e ; and, again, on leav- 
ing the body to be still equally attracted and 
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b^Bt back^ to at to take the direction ej^ instoad 
ci em 

The following are familiar examples of this bend- 
ing of Kght in passing from one medium to 
another. 

If an empty basin or other vessel b cf^ be placed 
in the sun's light, so that the rays falling within 
it may reach low on the side, as to rf, but not to 
i|. the bottom, then, on filling 

the vessel with water, the 
sun will be found to be 
shining on the bottom or 
down to e^ as well as on the 
side. The reason of this 
phenomenon is, that water being a denser medium 
than air, the light, on entering it at c, is ben^ 
towards the perpendicular at the point of in- 
cidence, ovcfp and so reaches the bottom. Again, 
if a coin or medal were laid on the bottom of 
such a vessel at e, it would not, while the vessel 
were empty, be seen by an eye at a^ but would 
be visible there immediately on the vessel being 
filled with water ; — ^because then, the light leaving 
it in the direction e c, towards the edge of the 
vessel, would at c, on passing from the water into 
air, be bent away from the perpendicular c h, and 
instead of going to g would reach the eye at a. 
The coin moreover would appear to the eye to be 
in the direction c rf, instead of in the true direc- 
tion c e: for the eye not being able to discover 
that the light had been bent in its course, would 
judge the object to be in the line by which the 
light came from it. 
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It is thus because objects at the bottom of water/ 
when viewed obliquely, do not appear so low as 
they really are, that a person examining a river or 
pond, or any clear water, from its bank, naturally 
judges its depth to be less than the truth. Many 
a young life has been sacrificed to this error. A 
person looking from ai boat directly down upon 
objects at the bottom of water, sees them in their 
true places and at their true distances, but if he 
view them more and more obliquely, the ap- 
pearance is more and more deceiving, until at 
last it represents them as at less than half of their 
true depth. 

The ship in which the author sailed once in 
the China sea, before danger was apprehended, 
had entered by a narrow passage into a horse-shoe 
enclosure of coral rocks. When the alarm was 
given, the predicament had become truly terrific. 
On every side, in water most singularly trans- 
parent, as the wave swelled, the rocks appeared 
to be almost at the surface of the water, and the 
anchor, which in the first moments had been let 
go to limit the danger, appeared to be lifted with 
them. It was judged that if the ship, then draw- 
ing 24 feet, or the depth of a two-storied house, 
had moved but a little way in almost any direction, 
she must have met her certain destruction. On 
sending boats around to sound and to search, the 
place of entrance was again discovered, and was 
safely traversed a second time as an outlet from 
that terrible prison. 

On account of this bending of light from ob- 
jects under water, there is more dLBiculty in hitting 
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them with a bullet or spear. The aim by a person 
not directly over a fish must be made at a point 
apparently below it, otherwise the weapon will 
miss it by flying too high. The spear is sometimes 
used in this country for killing salmon, but is a 
common weapon among the islanders of the At-. 
lantic and Pacific Oceans for killing the albacore j 
like use of it, like that of the fly-hook in Eng- 
land, afibrding, to the fishermen, good sport as 
well as profit. The author once with much in- 
terest witnessed at St. Helena this employment 
of the spear. A small fish previously half-killed, 
that it might not try to escape, was every minute 
or two thrown upon the water as a bait, in the 
sight of perhaps a hundred great albacores, greedi- 
ly waiting for it at one side below, and knowing 
the danger to which they exposed themselves by 
darting across to seize it. Some albacore bold 
enough, soon made at the mouthful, apparently 
with the speed of lightning, but yet with speed 
which did not save him, for every now and then 
the thrown spear met the adventurer, and held him 
writhing there in a cloud of his death-blood. 
After a victim so destroyed, the scene of action 
was changed. 

The bending of light when passing obliquely 
from water, is also the reason of the following 
facts. A straight rod or stick, of which a poiiion 
is immersed in water, appears crooked or broken 
at the surface of the water, the portion immersed 
seeming to be bent upwards. That part of a ship 
or boat visible under water, appears much flatter 
or shallower than it really is. A deep-bodied fish 
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seen near the surface of water^ txfipeuis almost a 
flatfish. A round body there appears oval. A 
gold fish in a vase may iq^pear as two fishes^ being 
seen as well by light bent through the upper sur- 
ftce of the water^ as by stndgbt rays passing 
through the side of the glass. To see bodies under 
water^ in their true places. and of their true 
proportions, the eye must view them through a. 
tube, of which the distant end, closed with plate- 
glass, is held in the water. 

As light is bent on entering from air into water, 
glass, or othw substance denser than air, so is it 
also bent on coming from void space into the 
ocean of our atmosphere. Hence none of the 
heavenly bodies, except when directly over our 
heads, are seen by us in their true situations* 
They all appear a little higher than they res^y 

are, as when to a 

,,- •' *2 spectator at d^ sup* 

^;;::>-'-'^ posed on the surfiu^ 

y'^'^J^f^!^^^ O^ ^^ *^® earth, a star 

ff\\ ^ — " — Ob really at A appears 

\\ J ) to be at tf, because 

X^_^^ its ray on reaching 

the atmosphere at c 
is bent downwards. In astronomical books there 
is always introduced a table of refraction, as it 
is called, shewing what correction must be made 
on this account for different apparent altitudes* 
This e£fect of our atmoiq>here so bends tiie nys 
of the sun that we see him in die mormng before 
he is really above the horizon, and we see him in 
the evening after he is really below it, t«s. the ray 
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coming horizontally from etod, appears to come 
from bf^ although in truth it comes from the lower 
situation B, and is bent into the level line only at 
e. Our atmosphere thus, by the bending of Hgbt 
as well as by itself becoming lumiiMus^ lengthens 
at dawn and twilight the duration^ of the lovely 
day. As the atmosphere is denser near the sur- 
face of the earth than higher up, the tight is more 
and more bent as it descends, and hence describes 
a course which is a litde curved, and therefore 
unlike the course of light in water. 

Certain states of the atmoi^pbere depending upon 
its humidity, warmth, &c., change very consider- 
ably its ordinary refractive power ; hence in one 
state of it, a certain hill or island may i^pear low 
and scarcely rising above the intervening heights 
or ocean, while in another state, the same object 
skall be seen towering above : and from a certain 
station, a city in a neighbouring valley may be 
either entirely visible, or it may shew only the 
tops of its steeples, as if the bed on which it rested 
had sunk deeper into the earth. In days of ig- 
norance and superstition^ such appearances have 
sc^etimes excited a strange interest. 

A beautiful phenomenon is observable in a day 
of warm suni^ine, owing to the bending of light 
in passing tiirough media of different densities. 
Black or dark-coloured substances, by absorbing 
much light and beat from the sun's rays, and warm- 
ing the air in contact with them, until it dilates and 
rises in the surrounding air, as oil rises in water, 
cause the light, from more distant objects, reach- 
ing the eye through the rarefied medium, to be 
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bent a little ; and owing to the heated air rising 
irregularly under the influence of the wind and 
other causes, these objects acquire the appear- 
ance of having a tremulous or a dancing mo* 
tion. In a warm clear day, the whole landscape 
at last appears to be thus dancing. 

The same phenomenon is to be observed at any 
time, by looking at an object beyond the top of 
a chimney from which hot air is rising. An il- 
licit distillery was once discovered by the excise- 
man happening thus to look across a hole used as 
the chimney, although charcoal was the fuel, and 
there was no vestige of smoke. 

This bending of light by the varying states of the 
atmosphere makes precaution necessary in making 
very nice geometrical observations : — as in measur- 
ing base-lines for the construction of maps or charts. 

As It is the obliquity between the passing ray 
and the sur^e, which in any case of refraction 
determines the degree of bending, a body seen 
through a medium of irregular surface appears 
distorted according to the nature of that surface. 
It is because the two surfaces of common window- 
glass are not perfect planes, and not perfectly pa- 
rallel to each other, as in the case of plate-gkss, 
that objects seen through the former appear ge- 
nerally more or less out of shape : and hence 
comes the elegance and beauty of plate-glass win- 
dows : and hence the singular distoition of things 
viewed through that swelling or lump of glass 
which remains where the glass-blower's instrument 
was attached, and which appears at the centre 
of certain very coarse panes. 
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ITie refraction or bending of light is interest- 
ingly exemplified in the effect of the glass called 
a prism, viz. a wedge or three-sided rod of glass, 
such as that of which the end is here represented 

at be. A ray from 
a falling on the sur- 
face at b is bent 
towards the internal 
perpendicular, and therefore reaches c, but on es- 
caping again at c, it is bent away from the external 
perpendicular, and thus with its original deviation 
doubled, goes on to d. 

The law of light's bending according to the 
obliquity with which it traverses the surfaces of a 
transparent bod^, is well elucidated by the effect 
of what is called a multiplying glass ; that is to 
^i say, a piece of glass like abcCy having 

many distinct faces cut upon it at 
angles with each other. If a small 
object, a coloured bead for instance, 
be placed at rf, an eye at e will see as 
many beads as there are distinct sur- 
faces or faces on the glass ; for first, 
the ray d a passing perpendicularly, 
and therefore straight through, will 
form an image as if no glass inter- 
vened, then, the rays from d to the 
surface b will be bent by the 
oblique surface, and will shew the object as 
if it were in the direction e b; then the light 
falling on the still more oblique surface c, will 
be still more bent, and will reach the eye in the 
direction c e exhibiting a similar object also in 
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ikmt direction — and so of all the other surges. 
If the relative places of the eye and object be 
idianged« the result will still be the same. A 
plate of gl«ss roughened, or cut into cross fwc^ 
rowSf becomes a very good screen or window- 
bHnd, by so disturbing the passage of light 
through it that objects beyond it are not distin- 
gutshable. 

^< And a beam of white light thus made to bend, U 
resolved into beams of the various primary co- 
lours; which beams however, on being again 
blended, become white light as beforn^ (Read 
the Analysis, page 162.) 

The most extra(M*dinary fact connected with, the ' 
bending of light is, that a pure ray <^ white light 
from the sun admitted into a darkened room by a 
hole in the window-shutter, and made to bend by 
pissing through transparent surfaces which it 

meets very obliquely 
(as the ray a, admit- 
^ ed wd made to bend 
by passing through 
the prism of glass b c, to fall upon tihe wall at d\ 
instead of bending all together and appearing still 
as the same white ray, is divided into several rays, 
wbich falling on the white wall, are «een to be of 
different most vivid colours. The original white 
ray is said thus to be analyzed or divided into 
elements. 

This solar spectrum, as it is called, formed upon 
the wall, consists wheil the light is admitted by a 
narrow horizontal slit, of four edioiired patches 
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corresponding to ihe sli4 mnd appeamig in tfaie 
order, from the bottom, of red» green, bkie^ an4 
violet If tbe sAit be tfa^p wade a little wider, il^ 
l^tcb^ at their edges overlap ^»ch other, and 
as a painter would say» produce hy the fixture 
of their dem^eotary colours various new tinted 
Then the spectriupa eonsists of the sevei^ ocdour^ 
commonly enuiui^rated md seen isx the minbow^ 
tiiz. xedr orange, yellow, green, blue^ indigo, and 
violet Hadred^ ydlow^ blue, and violet been 
the four colours obtaiisted in the first experiment, 
(he loccurrenoe of the others, viz. of the orange, 
from the mixing edges of the red and yellow — 
of the green, from the mixture c£ the yellow and 
blue,-— >and of the indigo, from the mixture of 
blue and violet, would have been anticipated^ 
But the true &cts of tJxe case not being such, 
proves that they are not y^t well understood* 
When Newton first miade known the pheno- 
menoi;i of the many-<K)loured spectrum, and the 
extraordinary condiusions to which it led, he ex- 
lilted universal astonishment, for the common idea 
fiif purity the most (unmixed^ was that of white 
jUgfbt In farther corrobocation of the noftion of 
the eompou^ nature of light he mentioned, that 
if the colours which a|ipeajr on the spectrum be 
{wnted sepat^ely ipuiad the rim of :a wheel, wd 
the wbed be th^e^Q turned rapidly, the individfiiidl 
colours ce9»e to be dis^guiaiied, and a white 
band only appears where they are whirling: also, 
that if the rays, of the spectrum produced by a 
|irism be again gathered together by a lens, tibey 
a:0*p0odoee white light The red is the kind of 
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light which is least bent in refraction, and the 
violet that which is most bent It was at one 
time said, as an explanation, that the differently 
coloured particles in light had different degrees 
of gravity Or inertia, and were therefore not 
all equally bent. It is farther remarkable, with 
respect to the solar spectrum, that much of 
the heat in the ray is still less refracted than even 
the red light, for a thermometer held below the red 
light rises higher than in any part of the visible 
spectrum ; — and that there is an influence more 
refrangible than even the violet rays, producing 
powerful chemical and magnetical effects. The 
different spots of colour are not all of the same 
size, and there is a difference in this respect ac- 
cording to the refracting substance. 

All transparent substances in bending light pro- 
duce more or less of the separation of colour ; 
but it is important to remark, that the quality of 
merely bending a beam, or of refraction^ and 
that of dividing it into coloured beams, or of 
dispersion^ are distinct qualities, and by no means 
proportioned to each other in the same substances. 
Newton, from not discovering this, despaired that 
a perfect telescope of refraction could ever be 
made: he supposed that the bent light would 
always become coloured, and so render the ob- 
jects indistinct We now know, however, that 
by combining two or more media, we may obtain 
bending of light without dispersion, — thus, by 
opposing a glass which bends five degrees and 
disperses one degree, to another glass which 
bends three degrees and disperses one, the oppo- 
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sing dispersions will just counterbalance or neu- 
tralize each other, while the two degrees of ex- 
cess of Bending will remain to be applied to use. 
The diversified colours of the substances around 
us depend merely upon the fitness of these, from 
texture or other cause, to reflect or transmit cer- 
tain modifications of common light, and the colour 
is not a part or property of the body itself. We 
shall soon find that the vivid colours of the rain- 
bow are merely the white light of the sun, re- 
fleeted to us after being Jbent and modified by the 
colourless drops of falling rain; and that the 
sparkling with appearance of rubies and emeralds, 
which we see in the cut-glass lustre, is a pheno- 
menon bf the same kind : — ^and that by scratching 
the surface of a piece of metal so as to have a given 
number of lines in a given space, we can cause 
the same substance to appear of any colour we 
please. 

" jyansparent bodieSt as glass,, may be made of such 
form as to cause all the rays of Ught "which pass 
through them from any one point , to bend so as 
to meet again in another point beyond them^-^^the 
body itselfy from the required form generally re- 
sembling that qf a flat, bean or lentil, being thai 
called auE,^^.^' (Read the Analysis, page 162.) 

The innumerable . rays of light, of which five 
pnly are here represented, issuing from any point 
as c, towards any surface in the situation a fr, 
are said to form a cone or pencil of diverging light. 
Now it is evident that to make all such rays con- 
verge or meet, again in one place, as^ beyond a 
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transparent body placed at a ft, it would be neces- 
sary, while the middle ray or axis of the pencil 
t d did not bend at all, for the others to be bent 
more and more, in proportion as they fell upon the 
body farther and farther from the centre d. Recol- 
lecting then the law of refraction, that light en- 
tering from air through the surface of any denser 
medium, as glass, is bent there towards the per- 
pendicular at the internal surface, in proportion 
to the obliquity of incidence, and on leaving the 
opposite surface, is correspondingly bent slway 
from its external perpendicular (see the cJase of 
the prism at p. 188), we see that if a piece of 
glass were placed at a ft, of such form that the 
rays falling upon it from c should meet and leave 
its surfaces with greater and greater obliquity in 
some regular proportion, as the points of incidence 
were more distant from the centre d, the purpose 
would be obtained. And we have the pleasure of 
knowing that a glass, of which the surface is 
ground — ^which it easily may be — ^to have a re- 
gular convexity or bu^ng, as if it were a portion 
cut off from the surface of a globe, can be 
shewn to answer very correctly the required con- 
dition. Sjadx 4 gl9s$» similarly ground on both 
iiidesj ia. here repr^^^ted edgew^-ys, betweeii 
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s^nd bf where the ray c d falling on its middle, or 
perpendicularly, and similarly leaving it, is seen 
going straight through to f; but the ray. c e 
DfijBfcting the surface with .a certain degree of ob- 
li^uity^ is beat down a little, first on entering the. 
^urfftce at e, and then as miich more on leaving 
tl^eppppsijbe: surface with equal obliquity, and so 
arrives at jf; then the ray c Oy for corresponding 
reasons, is still more bent,. and equally. arrives at 
/j— and the case would..hc. similar of any othejr. 
rays that might .be. examined. . The point f is. 
usually calkd ^..focvs ^meaning a fire-place), be^. 
Clause when the light of the. sun is thus gatheredy 
the bent .concentrated with it is. powerful enough 
to make combustibles infiame.-^We have here to 
remark, farther^.. thai in axxordance both with caU 
culation and experiment, > the. diiection in which, 
ajoiencil of .rays falls upon a lens does not affect 
the result of the convergence to a focus, only the 
foau^ia always in the direction of the central ray; 
of the pendl or beam ; it will be at p^ for instance^ 
for light issuing from.o^ and at j^ for light issuing 
from ^. .. - 

The lens represented ata i above^ or at fig. 1,^ 
in tb&annexed dragram, having both sides convex 
is. called a double eanve^B lens. A glass convex- 
only on onct side, ^nd plane or fiat on the other, 
Fig^.t 2 3 4 5 6 as shewn at 

(fig 2), would 

i as effectually 

^gather the 

ray«, but with 

half the power, and the point of meeting or focus 

o 2 
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would be therefore so much the more distant* 
Such a glass is called a plano-canves lens. Then 
the gathering or converging power of any glass, 
whether doubly or singly convex, is in proportion 
to the degree of its convexity or bulging of sur- 
faces, for the less it bulges, the more nearly does 
it approach to a plane glass, and the more it 
bulges, the more obliquely will the rays at any 
distance from the centre fall upon its surface, and 
the sooner therefore, in consequence of their beinjg 
more bent, will they all meet the axis-ray > — ^hence 
%• 1 would converge much more quickly than 
fig. 3, which represents nearly a common spec- 
tacle glass ; and a very minute globe is the form 
most powerfully converging of all. The surfaces 
of fig. 1, are portions of a comparatively small 
globe y those of fig. S are comparatively smaller 
portions, but of a globe much larger. Concave 
lenses as — ^fig. 4, a double concave, and fig. 5, a 
plano-concave lens, in obedience to the same law 
of refraction, spread rays, or bend them away 
from the axis of the pencil, in the same degree 
that similarly convex lenses gather them. A con- 
cave lens therefore, receiving the converging 
pencil of rays from a convex lens, might restore 
them to their former direction. Very useful pur- 
poses, as will be afterwards explained, are served 
in optics, by certain combinations of differently 
formed lenses. A lens may be convex on one side 
and concave on the other, as at fig. 6, a meniscus 
lens (so called because it resembles the crescent 
moon), and its effect will be according to the form 
which predominates. 1 
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A person recollecting the case oF the " mul- 
tiplying glass,** described a few pages back, might 
say, — ^but is not a convex lens merely a multiply- 
ing glass of a much greater number of faces, and 
why then, instead of one image, does it not make 
thousands ? The answer is, that the multiplying 
glass, by every face, bends a set of rays, capable 
of forming a distinct image : but the lens has no 
-surface large enough to bend more than a single 
ray, and it concentrates all the single rays into 
one place, to form there one image of great vivid- 
ness and beauty. 

^^ And when the light proceeding from every point 
of an object placed before a lens is collected in 
corresponding points behind it, a perfect image of 
the object is there produced. When the image is 
received upon a suitable white surface, in a dark 
place, the arrangement is called, according to mi- 
nor circumstances, the camera obscura, solar 
MICROSCOPE, or MAGIC LANTERN.** (Read the 
Analysis, page 1620 

Words are wanting to express the admirable v 
consequences to man of the curious property oS 
a lens, that it can bring together to a focal point 
all the rays of light which traverse it from any 
one point of an object placed before it. The 
following instance will lead to tlie consideration 

and understanding 
of others. If a lens, 
as a, be placed so as 
to fill up an opening 
made in the windaw 
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«hutter of a darkenedroom, then from any objectbe- 
fore that opening, as tbe cross here Vepr^sented, all 
the light which eadi point of the crosi emits towards 
the lens will be concentrated or gadiered together 
in a corresponding focal point behind the lens or 
within the room, and if a riieet of paper be held 
there at the distance of the focal points^ a beautifiil 
image of die object will be seen upon the papen 
In these few words, we have described the inte^ 
resting contrivance called thecameraobscura or dark 
chamber; and when a glass is chosen of proper 
size and focal distance, and a screen or flie wall 
of the chamber is properly prepared to receive 
the light, the most enchanting portraiture is in- 
stantly produced of the Whole scene which the 
window commands. With what rapture does the 
schooUboy first view this lovely picture drawn by 
nature's own pencil, and with colours borrowed 
directly from the sun*s bright ray — with what riap- 
ture, as his eyes seardi over it, does he recognize 
his playmates there, and perhaps the river in which 
he bathes, and where he sails his boat, and -the 
wood in whose solitudes he loves to wander, and 
the mountain heights which he climbs to meet 
the fresh breeze, and at a distance from tlie 
world, to allow play to the workings of his youttg 
fancy, ' beginning to shoot far into time and spacer 
The great peculiarity of such a picture is, that 
it does not, like others, pourtray still-nature, 
but every thing with appropriate motion or 
changes : there the playmates are all in action j 
the leafy trees may wave in the wind, the 
clouds may sail along, the sun may rise or may 
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sel; and'^Ven the lightning's, gleam may dart 
across:— oii again,' commenced enterprizes may 
be brought to a close, the traveller, may climb the 
distant hill and di^ppear^ the fisherman may 
draw his net and store his gains, the Well-contest- 
ed race inay be won or lost. A Malayan chief 
in the island of Sumatra, \^as so suiprised aild 
pldased by a small portable camera obscura which 
the aiithbr had among his apparatus, that he 
sieiamed disposed to give for it almost any thifag 
he possessed* 

It appears in the^ last diagram thai the image 
fbrmed beyond a lens by the gathered light, is itt 
a cohtrary position to the object itself,— thktiSj 
Inverted, — ^beckuse, the light from the top of the 
object darts through the opening or glasd in a 
d^scfenditig direction, and that from tjle bc^totti 
rised to the opening, ' and in the .s4me dir^cti^ti 
pas^s beyond it It is usual therefore in a eai 
mera obscura to place a small mirror inimediately 
behind the lens, so as to throw all the light which 
enter's, downwards to a whitened table, iipohwfiich 
the picture may be conveniently contemplated. - 

The camera obscura oftien gives very iisefiil 
assistance to 3roung paintersj by enabling Ih^ih 
to trace correctly the outlines of the objects 
placed before it, and also to study effects of light, 
shade, and colour, more profitably than thiey at 
first can, by looking at the objects themselves. 
The laws of perspective are most intelligibly illus** 
trated in this most true picture. ^ 

An effect approaching in a degree to that of 
the complete camera obscura now described, is 
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produced by merely making a small hole in the 
shutter of a dark room, and letting the light 
which entenh by it fall on any white surface be- 
yond. The whole landscape is then dimly pour- 
trayed upon the surface. If a cross be hield be- 
fore the opening as in the last figure, it is evident 
that from every point of the cross light will enter 
by the opening, and will fall on corresponding 
parts of a sheet of paper held behind, — but as 
the light from each point spreads as it departs, 
becoming a pencil or cone of light instead of a 
ray, it Will fall on a surface of the paper at least 
as large as the opening, and thus the light from 
adjoining spots will mix at the edges, and will 
render the images misty and indistinct, somewhat 
like those on the back of tapestry. If the open- 
ing be very small, the picture will be well defined, 
but very feebly illuminated ; and if the opening 
be of considerable size, the mixing of the pencils 
will be so great as to leave no particular object 
distinguishable. In the latter case, and sup- 
posing the opening to be larger than the pupils of 
a thousand eyes, if a lens be introduced, it wilf 
converge every pencil of light to an exact point, 
and the picture will instantly be rendered perfectly 
clear. 

The distance from a lens at which an image is 
formed or the rays of the light meet^ depends, 
first, upon the refractive or bending power of the 
lens, and therefore on the nature of its substance, 
and the form of the lens ; and, secondly, upon 
the direction of the rays of light when they reach 
the lens, vi^. whether they are divergent, parallel. 
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or convergent. We have already expkdded that 
glass refracts about twice iEis much as water, and 
that diamond refracts about twice ais much ais 
glass ; and we have considered the effect of dif- 
ferent degrees of convexity in lenses— arising 
equally whether the lens be of water inclosed be- 
tween glasses like watch-glasses/ or of solid glass, 
or of rock-crystal, or of diamond itself. We now 
proceed to consider the joint effect of the refrac- 
tive power, and of the direction of the incident 
rays. 

Rays fiilling from a on a comparatively flat or 
weak lens at L, might meet only at £/, or even 




further off; while, with a stronger or more con- 
vex* lens, they might meet at c or at 6; a len^ 
weaker still might only destroy the divergence of 
the rays, without being able to give them any 
convergence, or to bend them enough to bring 
them to a point at all, — and then they would pro- 
ceed all parallel to each other, as seen at e and jT: 
— and if the lens were yet weaker, it might only 
destroy a part of the divergence, causing the rays 
from a to go to g and A, after passing through, in- 
stead of to, i and k^ in their original diiection. 

In an analogous manner, light coming to the 
lens in the contrary directions from b c d^ &c., 
might, according to the strength of the lens, be 
all made to come to a focus at a or at ^ or in some 
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inote distant point ; or the rays might become pa^ 
rallel» as m and n^ and therefore nearer eome to a 
fbcuSy or they might remain diverg^t* 

It may be observed in the figure above, that the 
former an object is from tlie lens» the^ less diver- 
gent -are the rays darting from it towards the 
leiis ; of the more nearly dd they approach to be- 
ing parallel. From b diete is mnch divergency 
from € less» from d less still, and rays from a 
great distance, as those cutoff at ej* appear quite 
parallel. If the distance of the radiant point be 
very great, they really are so nearly parallel that 
a very nice test is required to detect the non- 
accordance. Rays, for instance, coming to the 
earth from the sun, do not diverge the millionth 
of an inch in a thousand miles. Hence where we 
wish to make experiments with parallel rays, we 
take those of the sun. 

^ Any two points so situated on the oppoiiile sides 
of a lens, as that when eithet becomes the radiant 
point of light, the other is the focus of such ligjif, 
are called conjugate JbcL An object and its image 
formed by a lens tnust always be in cortjugiate 
Jbti^ and when the one is nearer the • lens, 
the other will be in ia certain proportion iiiofe 
distant. ' . .■ - 

What is called the pfihdpal focus (rf ?i leiib, 
•and by the distance of which friMn the gla^ We 
compare or classify lenses aibio^g themselves; is 
the point at which the siin's rays are 'madS to 
meet ; and thus, by holding the glass in the suii, 
and noting at what distance behind it the little 
luminous spot or inmge of the sun is formed, we 
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can at once ascertain the focus of a glass — as at a 
for the fays e and ^ 

It is remarkable that the bending power of the 
common glass used fbr lenses should be such, that 
the focus of a double lens of glass is just where 
the centre of the sphere would be, of which the 
surface of the lens is a portion. This gives us 
atiothef fact with which to associate the recollec- 
tion that the focds is near as the convexity of the 
lens is greater, that is to say, as the surface is a 
portion* of H smaller sphi^r^. And such being the 
law, it ma:y be proved by calculation as well as by 
the fact, thd,t if £i candle be held from a lens at 
twice the principal focsU distance, suppose att 
for a letis with the focus at ^, the image of the 
handle will be formed at ^ just as fttr on the other 
side. Thus then,' by trying with a lens uhtil the 
itnage of a candle is formed at the same distance 
ftom itas the object is, we have a second mode of 
ascertaining the focal distance of a lens. Other kinds 
of glass and other substances refract with different 
pow^rj butthe facts' now stated should be retain- 
ed irTthe itiemory as standards of comparison^ 
- Be<iatise'the focal point of light passing through 
a lens is at the same distance from the centtfe of 
the lens, in wharigver direction the? light passes 
liiroQgh, a surface placed to receive the itnage'of 
any object should really be concave, that is to say, 
all parts of it should be at the same distance from 
the centre of the lens, otherwise the image wiU 
be more perfect either at its middle than towards 
its edges, or vice ^?eris^^— but it is not found ne- 
cessary to attend to this in common practice. 
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The aize'of an image formed behind a lens is 
always proportioned to its distance from the lens, 
and the image is as much larger or smaller than 
the object as it is farther from or nearer to the 
lens than the object This will be evident from 

considering the annexed 
figure, c represents a 
lens, which, according 
to its power, will form 
an image of the cross 
a b in some situation, as at dj e, gj &c. Now 
wherever the image is formed, and by whatever 
lens, one end of it must be in contact with the 
line a g^ and the other end with the line b h\ 
and as these lines cross each other at c, and 
widen regularly afterwards, a line joining them 
(and the image is really such a line), must always 
be shorter the nearer it is to c, that is to say, 
shorter in proportion to the converging power of 
the lens. 

Many persons may not have reflected, that the 
littie luminous circle called the focus of a burning 
glass, is really but the image or picture of the 
sun formed by that glass or lens. The intensity 
of the heat and of the light is of course in pro- 
portion as the image is smaller than the glass 
which forms it, and the nearer that the image is 
formed to the lens, or the more powerfully con- 
vergent that the lens is, the smaller will the 
image be. Mr. Parker's famous burning lens, whidh 
cost £700, and is how the property of the Emperor 
of China, was three feet in diameter, and the dia- 
meter of the sun's image formed by it was one 
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inch : it concentrated therefore about ]»300 times. 
To render the effect still more powerful, a smaller 
lena was placed behind the larger, further re- 
ducing the size of the image to one-sixth. , Very 
surprising effects were produced by this lens, in 
the melting of metals, inflaming of combustibles, 
&c. The size of burning lenses, until lately, was 
limited by the difficulty of obtaining the great 
pieces of glass required to form them : but they 
are now built up of many pieces suitably united 
together. Some large lenses have been made of 
water, that is, of water enclosed between me- 
niscus glasses, like watch-glasses. A common 
goblet of water, or a vase holding gold-fishes, has 
acted as a burning glass in some cases, where, in 
consequence of its being left in a sunny window 
near the curtains, a house has been burned. 

And the nearer that an object is brought to a 
lens, the more distant, and therefore the larger, 
will its image be : for, as the rays towards a lens 
diverge in proportion to the nearness of* the ob- 
ject, and therefore with the same power of lens, 
must meet farther behind, — as seen in the figure 
at page @01, then the axis of the rays, as the 
lines c a and c ^ in the last figure, will have se- 
parated far before the rays meet, and will have 
made the image proportionally larger. If we 
suppose little d in the same diagram to be the ob- 
ject, its image would be a b. The sun is exactly 
as much larger than his image formed by a burn- 
ing glass, as he is more distant from it than the 
image; and if we had a canvas of sufficient size 
hung up in distant space, a very bright object of 
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a quarter of an inch diameter might be made, to 
form an image as broad as the sun. 

From all these considerations, we s^e that, in a 
camera obscura, the screen should be from the 
lens, at the distance of its principal focus for dis- 
tant objects, and a little father than this for near 
objects. Accordingly the. Ifm is generally fixed 
in a slidiog piece, whic;h alJ[Qws.thQ4tstance from 
the screen to be adjusted to qircumatances. If 
the reprc;s^ntatioQ i$ wphed to be lajge,. the lens, 
mpst be. of a loqg focus ; if to be small, .the lens, 
must b^ of a short focus, .Again, when by the 
reversed use of the lens^ a small object as d is to 
he magnified to suqh a size as a ^» then the object 
must be placed a little beyond the focus of the 
glass; for if placed ne^er, the,, pencils of rays 
from it would never be gathered to focal points,, 
and no image would be fqrmed at any distance. 

When, ^s aUu4^d to in the last sentence, a 
small object is placed very near a. lens, and the 
imsige of it is thrown upon the wall of a dark 
room, perhapsr a t^undjred times farther from the 
Iq^ than the obj^cit is, the. image is a greatly 
magnified representation of the object, viz. it is 
a hundred times longer and a hundred times 
broader, and therefore has teii thousand times as 
much surface as the object ; but if in this experi- 
ment the object be illuminated only in an ordinary 
degree, the light froifl it is so scattered as not 
to sufiiqe for distipct visian. Kence, to attain fuily 
in this manner the purpose of. a .microscope, a. 
very strong light, conqgntrated ;by a suitable 
mirror or glass, must be directed upoia the object.. 
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yfheu the light of tlie sun is used in such a c$use» 
the complete apparatus is called the solar micro- . 
scope^ and serves beautifuily tQ display the struc- 
ture of many minute Qbjects*. When artifip^^ 
light is used^ as of ^ lainp^ the s^pparatua is called 

the lu(oef7ial microscope or magic lantern* 

. A go<>d solar ipijprQisQQpe becomes . oqe of the 
most intei^^^tiqg pre^i^i^ whicht science has made 
to roaq, for aidii^ hjm in his rcssearobes. \nU> the, 
secrets of nature.^ ^ With. the late impyoYeJWi)t3 m. 
the construction of l^s^s, by which thq^ disp^r- 
sioi^ o|* light, or the ^aiabow-fringe, is pirevfinted, 
(as will , be explained under the h^^d of <* Tel^n 
cop^s *'), objects may be magnified two or three 
^ndred thousand times, and Still be 30 luimnous 
as to be beautifully distinct ;— thus.a cheese-niit^, 
will appear pf the diiPQ^sions of a little pig, .ii«d 
creatures altpg^thef invisible to the naked eye» or 
perceived by it pnly as minute. white points, are 
dispoye]:ed to bei^nimated beings, having the per- 
f(^t proportions, and often, the great beauty of 
l^ger anitnals, and endQwed with similar appetit^s> 
p^ssioQs, and apparent ingenuity, but with, an ac- 
tivity far syrpasifting that met with in the more 
bulky creation. A judicious; selection qf objects 
for the solar microscope is calculated exceedingly 
to surprise, the mind on first attending to thein& 
and to fill it with high conceptions pf th.Q infinity 
pdf God's creation.. Witji the common microscppe 
oi|ly one person at a time can feast Ins wcwidie?; 
but with the ^solar, a. wboje roon^nl pf compwpy 
V^y.atonce contemplate the.sam^ pbjjects and 
witness, the m»fi actiQSs,, and thn^ have theis 
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admiration increased by the consciousness of a 
sympathy. 

The magic lantern, we have said, coi^sists of a 
powerful lens, with 'objects, highly illuminated by 
lamp-light, placed so near it that their images are 
formed far ofl^ and are therefore proportionally 
larger. For the magic lantern the objects are ge- 
nerally paintings on glass made with transparent 
colours ; and the glass is formed to slide through a 
slit or passage behind the lens. The lens itself, — or 
what may be called half of it, for there are often two 
lenses joined to give greater power, is moveable 
with the tube which is seen projecting from the 
lantern, so that its distance from the object may 
be varied, and thus a corresponding approach to 
or receding from the screen may be allowed,' 
which will produce an increase or lessening of 
the magnitude of the visible picture on the wall. 

Some public lecturers on astronomy and 
branches of natural history prefer having the 
drawings and paintings "required for the elucida- 
tion of their subjects made in miniature upon 
glass, to be magnified afterwards to the degree 
desired, and shewn upon any part of the lecture- 
room by the magic lantern. 

A thick fog or mist at night will sometimes re- 
flect the images of a magic lantern so as to make 
them distincdy visible ; and there are several cases 
on record, where persons, wickedly ingenious in 
this way, have terrified ignorant individuals al-' 
mcwt to death, by throwing spectres from a 
concealed lantern. Some years ago a sentiMi 
in St James* Piu^k was thus persuaded that he 
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had seen supernaturaLbeings near him amo^ the 
trees. 

A very charming illusion is produced by a. 
magic lantern manoeuvred on one side of a thin 
screen, let down Uke the curtain of a theatre, 
while the spectators, not aware of the existence 
of the screen, are sitting cm the other side. The 
image may be first thrown upon the screen with 
the iantern very near, and then it will be small, 
and exceedingly bright if desired, because the 
light is much concentrated. By the exhibitoi:^ 
then gradually receding from the sdreen, and at 
the same ti^e adjusting the distance of the lena 
from the picture, the image— which may be that 
of a genius flying m the air, becomes larger* 
and to the spectators who do not even know 
that there is a screen thene, it will appear tot 
be soaring and approaching'-^until at last the 
expanded wings and limbs may seem hovering 
almost over their heads. An endless variety of 
most ingenious and beautiful exhibitions pf thU 
kind have been made, under the name of the 
phuntAsmagma, or raising i^ /spectres, 

" And the e¥E ttse\f is, in factj but a small earner^ 
obscura^'--^ which the pupil is the round opening 
or^ window b^re the lens. (Read the Analysis, 
page 162,) 

The Esfe. — And who could %t fii^t believe tJbM 
in describing the camera obscura, as we have now 
doqe, we had in reality been describing that most 
interestiqg of the objects erf creation, the living 
eye itself, the great inlet <^ man's knowledge^ 

p 
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that which may be called the visible dwelling of 
the soul» or at least the window of that dwelling 
—that from which all the fire of passion darts^ 
through 'which the languor of exhaustion is per- 
ceived, in which life and thought seem concen- 
trated 1 Yet the eye is nothing but a simple 
camera obscura, formed of the parts described 
above as essentia] to the camera obscura : — ^but in 
its simplicity it is so perfect, so unspeakably per- 
fect, that the searchers after tangible evidences of 
the existence of an alUwise and good Creator, 
have declared their willingness to be limited to it 
alone in the midst of millions, as th^ir one tri- 
umphant proof. We shall now describe it and its 
actions. Keeping present to us the idea of the 
camera obscura, as already treated of, the use of 
the various parts of the eye will be declared by 
merely enumerating them. This p»:agrsq)h should 
be perused while the reader has the opportunity 
of observing either his own eye reflected in a 
glass, or the eye of some companion near him. 

The human eye tiien is a globular chamber' of 
the size of a large walnut, formed externally by 
a very tough membrane called, from its hardness, 
the sclerotic coat^ in the front of which there is 
one round opening or window, named, because of 
its horny texture, the cornea. The chamber is 
lined with a finer membrane or web— the choroid^ 
which to insure the internal darkness (^ the place, 
is covered with a black paint, ihepigmentum nu 
gnm. This lining at the edge of the round win- 
dow is bordered by a folded drapery — the ciliary 
processes^ hidden from without by being behind 
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the curious contractile window curtain the iris, 
throu^ the central opening of which, or pupily 
the light enters. Immediately behind the pupil is 
suspended by attachments among the ciliary pro- 
cesses, the crystalline lens, a double convex most 
transparent body of considerable hardness, which 
so influences the light passing through it from ex- 
ternal objects, as to form most perfect images of 
these objects in the way already described, on the 
back wall of the eye, over which the optic nerve, 
then called the retina^ is spread as a second 
lining* The eye is maintained in its globular coh- 
dition by a watery liquid, which distends its ex- 
ternal coverings, and which in the compartment 
before the lens, or the anterior chamber of the eye, 
being perfectly limpid, is called the aqtieous hU' 
mottr, and in the remainder or larger posterior 
chamber, being enclosed in a transparent spongy 
structure, so as to acquire somewhat of the appear- ^ 
ance of melted glass, is called the vitreous humour. 
The annexed figure represents an eye of the 
common dimensions, supposed to be cut through 




the middle, from above downwards. C is the outer 
or sclerotic coat, known popularly, where most ex- 
posed in front, as the white of the eye. A is the 

p 2 
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transparent cornea joined to the edge of the round 
opening of the sclerotic : it is more bulging than the 
sclerotic, or forms a portion of a smaller sphere than 
the general eye-ball, so that while it may be truly 
called a baw-window, it, or rather the convex surface 
of its contained water, is also a powerful lens for 
acting on the pencils of entering light. At B^ 
and similarly all round the edge of the cornea, is 
attached the window curtain or iris, shewn here 
edgeways, immersed in the aqueous humour, and 
hanging inwards from above and below towards 
its central opening or pupil, through which the 
rays of light are passing to the lens. The iris has 
in its structure two sets of fibres, the circular and 
the radiating, which cross and act in opposition 
to each other. When the circular fibres contract, 
the pupil is lessened, when the radiating contract, 
it is enlarged ; and the clianges happen according 
to the intensity of light and the state of sensibility 
of the retina, — as may at any time be proved by. 
closing the eyelids for a moment to make the 
pupil dilate, and then opening them towards a 
strong light, to make it contract. Behind the 
pupil is seen the lens D with its circumference at- 
tached to the ciliary processes E : it is more convex 
behind than before. The disease of the eye called 
oataract (from a Greek word implying obstruction^ 
is the circumstance of the lens becoming opaque, 
and the cure is to extract the lens entirely, or to 
depress it to the bottom of the eye, and then to 
substitute for it externally a powerful artificial 
lens or spectacle^glass. The three lines forming 
here the boundary of the eye stand for its three 
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coats as they liave been called, the strong sclerotic^ 
and the double lining of the choroid and retina* 
The figure of a crojs is represented upon the re^ 
tina as formed by the light entering from the 
cross without, which cross has to appear here small 
and near, although supposed to be large and dis- 
tant. The image of the cross is inverted, as ex- 
plained for the camera obscura : but we shall 
learn below that the perception of an object may 
be equally distinct in whatever position the image 
be on the retina. It has been explained above, 
that a lens can form a perfect image of con- 
siderable extent only on a concave surface, — ^and 
thie retina is such a surface. The present diagram 
further explains what is meant by the anterior and 
posterior chambers of the eye, viz. the compart- 
ments which are before and behind the crystalline 
lens D. 

The nature of the eye as a camera obscura is 
beautifully exhibited by taking the eye of a re- 
cently killed bullock, and after carefully cutting 
away or thinning the outer coat of it behind, by 
going with it to a dark place and directing the 
pupil towards any brightly illuminated objects; 
then, through the semi-transparent retina left at 
the back of the eye may be seen a minute but 
perfect picture of all such objects — a picture, 
therefore, formed on the back of the little apart- 
ment or camera obscura, by the agency of the 
convex cornea and lens in front. 

Understanding from all this, that when a man 
is engaged in what is called looking at an object, 
his mind is in truth only taking cognizance of the 
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picture or impression made on his retina, it ex^^ 
cites admiration in us to think of the exquisite 
delicacy of texture and of sensibility vhich the 
retina must possess, that there may be the perfect* 
perception which really occurs of even the se- 
parate parts of the minute images there formed. 
A whole printed sheet of newspaper, for instance, 
may be represented on the retina on less isurface 
than that of a finger-nail, and yet not only shall 
every word and letter be separately perceivable, 
but even any imperfection of a single letter. Or, 
more wonderful still, when at night an eye is 
turned up to the blue vault of heaven, there is 
pourtrayed on the little concave of the retina the 
boundless concave of the sky, with every object 
in its just proportions. There a moon in beautiful 
miniature may be sailing among her white edged 
clouds, and surrounded by a thousand twinkling 
stars, so that to an animalcule supposed to be with- 
in and near the pupil, the retina might appear 
another starry firmament with all its glory. If 
the images in the human eye be thus minute, 
what must they be in the little eye of a canary- 
bird, or of another animal smaller still! How 
wonderful are the works of nature ! 

Because the images formed on the retina are 
always inverted as respects the position of the 
objects producing them — just as happens* in a 
simple camera obscura, persons have wondered 
that things should appear upright, or in their true 
situations. The explanation is not difficult It 
is known that a roan with wry neck judges as cor- 
rectly of the position of the objects around him 
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as any other person — never deeming them, for in- 
stance, inclined or crooked, because their images 
are inclined as regards the natural perpendicular 
of his retina; and that a bed-ridden person ob- 
liged to keep the head upon the pillow, soon ac- 
quires the faculty of the person with wry neck : 
and that an affected girl inclining her head while 
trying her attitudes, froi^i much practice judges 
of the manoeuvres of a beau as conveniently in 
that way as in any other ; and that boys who at 
play bend down to look backwards through their 
legs, although a little puzzled at first, because the 
usual position of the images on the retina is re- 
versed, soon;see as well in that way as in any 
other. It appears therefore, that while the mind 
studies the form, colour, &c. of external objects 
in their images projected on the retina, it judges 
of their position by the direction in which the 
light comes from them towards the eye — ^lio more 
deeming an object to be placed low because its 
image may be low in the eye, than a man in a 
room into which a sun-beam enters by a bole in 
the window-shutter, deems the sun low because 
its image is on the floor. A candle carried past a 
key-hole, throws its light through to the opposite 
wall, sp as to cause the luminous spot there to 
move in a direction the opposite of that in which 
the candle is carried; but a child is very young 
who has not learned to judge at once in such a 
case, of the true motion of the candle by the op- 
posite apparent motion of the image. A boatman, 
who, being accustomed to his ov, can diriect its 
point against any object with great certainty, has 
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loag ceaaed to reflect, that to moye the point of 
the oar tti some o»e difectioii» his hand must mo«e 
in the eoafarary direction. Now the; seeing tiiiings 
upright, hy images which are inverted, is a phe« 
nomenon akin to those which we have reviewed. 

Another question somewhat aUied to the last is, 
why» as we have two eyes, and there is an image 
of any object placed before them formed in each 
**^why the object does not appear to us to be 
double; In answer to this, again, we need only 
to state the simple facts, of the case. In the two 
eyes there are corresponding points, such that 
when a similar impression is made oa both, the 
\9ensati0n or vision is single : but if die least dk^ 
turbance of the position occur^ the vision he^ 
comes double. And the eyes are so wonderfully 
associated, that from earliest infancy they con* 
stantly move in perfect unison. By slightly press^ 
ing a^ finger on the ball of either eye,^ so as to 
prevent its following the motion of the other, 
there is immediately produced the double vision} 
and tumours about the eye oiten have the same 
e£feet Bersons who squint have always douUe 
vifiioQ : but thejr acquire the power of attending 
to the sensation in one ^e at a time. Animals 
^ich have the ey^ placed on opposite ^sidesof 
the head, so that the two can^ never be directed to 
the same point, must have in a more remarkable 
degree the faculty of thus attending to one eye 
at a time. 

The corresponding pcnnts in the two eyes are 
equidistant and in similar directions from the 
centres of the retinft, called the points of dis* 
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tinct vision, at whidb oentres the imaginary lines 
named the axes of the eyea terminate ; and it is 
wcMthy of remark that these points, in being both 
to the right or both to the left of the centres, must 
be one of them on the inside of the centre, a& re- 
gards- the nose, and the other on the outside. 
When the two eyes are directed to any object 
their a&es meet at it, and the centres of the two 
retin® are opposite to it, and all the other points 
of the eyes have perfect mutual correspondence as 
regards that object, giving the sensation pf single 
visidn ; but die images formed at the same time, of 
an object nearer to or farther from the eye than 
the first supposed, cannot &11 on corresponding 
points, for an object nearer than where the axes 
meet would have its images on the outsides of 
the eyes, and an object more distant would have 
its images on the insides of the eyes, and in either 
ease the vision would be double. Thus if a per- 
son hcAd the two fore-fingers in a line from his 
eyes, so that one may be more distant than the 
other, by then looking at the nearest, the more dis^ 
tant will appear double, and by looking at the 
more distant, the nearer wiU appear double. 

The reason of the term ** point of distinct vi- 
sion," applied to the centre of the retina, is dis* 
covered at once by lodking at a printed page, and 
observing that only the one letter to which the 
axis of the eye is directed, is distinctly seen y so 
that although the whole page be depicted on the 
retina at once, the eye, in reading, directs its 
c^itre successively to every part. 

On examining a dead eye, the point of distinct 
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vision is distinguisbable from the retina ajround 
by being more transparent. Now it might have 
been expected that this point would have been 
the spot where the optic nerve ent^s the eye : but 
in truth the optic nerve enters conside^rably nearer 
to the nose than the centre of the retina j and 
very singularly, where it enters, the part is alto- 
gether blind or insensible. Had the two optic 
nerves then entered at corresponding points of the 
retina (in the sense explained above), there would 
have appeared a black spot on every object oppo-^ 
site to the insensible points ; but as the case really 
stands, the part of any object from which the 
light passes to the insensible p^rt of one eye must 
be opposite to a sensible part of the other. The 
existence of the insensible or blind spot, whe?e 
the nerve of the eye enters^ is discoverable by 
placing in a row three objects — ^wafers, for in* 
stance^-on a table, with intervals of about two^ 
inches between them, and then looking with on^ 
eye from a distance of about eight inches at the 
wafer which is towards the nose ; — ^the middle 
wafer will then be invisible, although the eye sees 
that on each side of it ; and if the eye be moved 
still farther away, the middle wafer will cofne 
into view, and the external will disappear. Or, 
again, the fact may be proved by shutting one 
eye and looking with the other at the nail of a 
finger held before it, while another finger is gra* 
dually moved away laterally: the point of the 
moving finger when at a certain distance from the 
other will disappear, but will be seen again when 
moved away still a little further. 
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It appearing then, from the explanatiaits now 
given, that there cannot be perfect sight unless 
where a perfect image is formed on the retina ; 
and the truth having been formerly explained, that 
images behind any lens will be at different disr- 
tances from it^ according to the various distances 
of the objects in front, that is to say, according 
as the pencils of light which fall upon it have 
more or less of divergence in them, it follows, 
that the eye in being able, as it is, to see dis* 
tinctly objects at any distance beyond about five 
inches, possesses a power of altering the relation 
of its parts to accommodate itself to the circum- 
stances. We do not yet perfectly know whether 
it does this by lengthening or changing the form 
of the ball through the action of the surrounding 
muscles, or by changing the place or the form of 
the lens, but that one or more of these events 
occurs there can be no doubt. 

Among the eyes of the myriads of human creap> 
tures, however, it happens that all do not originally 
possess these powers exactly in the requisite de- 
gree, and that many lose them, as life advances^ 
from a natural or usual decay. 

Persons are called skort-sighted whose eyes from 
too great convexity of the cornea or lens, have so 
strong a bending or converging power, that the 

raysoflightentering 
them are broughtto 
a focus before reach- 
ing the retina — ^at a^ 
for instance, instead 
of at b ; so that the 
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rays, by spreading again beyond the focus, pro- 
duce on the retina that sort of indistinct image 
which is seen in a camera obscura of which the 
screen is too distant from the lens/ This defect 
of sight obliges the individual when using the 
naked eye to hold objects very near it, that the 
consequent greater divergence of the rays may be 
proportioned to the unusual refractive power of the 
eye ;— or the person may find a remedy in placing 
concave lenses between the object and the eyes, 
which lenses, by rendering light from objects at a 
usual distance, more divergent (as explained at 
page 195), cause the perfect images in the eye to 
be foritied farther from the lens, and thereby on 
the retina itself. Without concave spectacles — 
as the lenses are called when fixed together in a 
frame — persons with the defect now under con- 
sideration cannot see distinctly any object tliat is 
distant, and from which the rays, because coming 
nearly parallel, are quickly gathered to a focus. 
This defect often diminishes with years, and the 
person who in youth needed spectacles, in old age 
sees well without them. 

There is an opposite defect of deficient con- 
verging power in the eye, dependent on a too 
great flatness of the cornea or lens, which defect 
is much more common than the last-mentioned, 
for the great majority of persons after middle age 
sooner or later begin to experience it. In this 
case the rays of light are not yet collected into a 
focus when they reach the retina ; they wduld only 
meet at b, for instance, instead of at c, and hence 
the image rs indistinct, in the same manner as in 
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a camera obscura of 
"^ ^hich the screen is 
held too near the 
lens. Persons suffer* 
ing this defect cannot, when using the naked 
eye, see distinctly any object very near to it, be- 
cause the gathering or converging power of tlie 
eye cannot conquer the great divergence of rays 
coming from a near point ; and hence such per- 
sons always remove objects under examination to 
a considerable distance, often to that of arm's 
length, so as to receive from them only the rays 
nearly parallel. These persons, in contradistinc- 
tion to the last described, are called long-sighted 
persons. Their defect fs remedied by the codo- 
mon convex spectacles, which do part of the con- 
verging work, so to express ourselves, before the 
light enters the eye, leaving undone only that 
which the eye can easily accomplish. As this 
ailment, like the last, is met with in all degrees, 
it becomes requisite to choose spectacles accord- 
ingly : certain curvatures or strengths have been 
numbered as^ naturally belonging to different ages 
or periods of life, but each person should choose 
under the direction of an experienced judge, until 
that strength is found which enables him to read» 
without any straining of the eye, at the common 
distance of from twelve to eighteen inches.— We 
cannot apply the mind to this part of our sub- 
ject without fueling admiration at what science 
has accomplished for man in guarding and im-* 
proving his sight. * Now that in civilized society 
the most common employments and enjoyments oS 
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fife are such as to require visual power capable 
of distinguishing minute objects, — letters for in- 
stance, to deprive old men of their spectacles, 
would be to condemn many of them to useless in- 
activity and a listless blank of mind for the re- 
mainder of their lives. 

An eye much accustomed to examine near and 
minute objects, often loses something of its pliancy, 
and becomes defective when tried at distant things, 
as the watchmaker's eye, the engraver's, &c. On 
the other hand, the old seaman, whose eye has so 
often and uninterruptedly been bent on the dis- 
tant horizon, straining to catch the view of an 
expected sail, or of land, has a power of discover- 
ing distant things which is wonderful ; but he 
often experiences some deficiency in regard to 
near things. 

A man who uses his eyes under water sees 
very indistinctly, because the difference of 
density between the two transparent media — 
water and the eye, from the first of which, 
in the case supposed, the light passes to the se- 
cond, is not so great as between air and the eye, 
the bending or refraction of the light is consequent- 
ly not so great. A man, to see well under water, 
therefore, requires to aid the usual power of his 
eyes, by strong convex spectacles. It is for the rea- 
son now explained, that the lens of a fish's-eye is 
extremely convex : indeed it is almost round, as 
is every day seen in the white round bead which 
issues from the eye of a boiled fish — that little globe 
being the crystalline lens of the fish coagulated or 
hardened like white of egg during the cooking. 
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There are many important oonsiderations con- 
nected with the sensibility of the retina, which 
regard rather the laws of life than of light, but 
we must here glance at a few of them. 
Any impression of light made upon the retina 
lasts for about the sixth of a second. Hence 
when the burning end of a stick is made to de- 
scribe any line or curve, its path becomeis a line 
of light ; and if it revolve in a circle six times in 
a second, that circle will appear to the eye a com- 
plete circle of fire. The polished end of an elas- 
tic wire fixed by its other end in a block of wood, 
being made to vibrate, similarly forms a line or 
curve of light. A harp-string while vibrating as 
it sounds, appears like a flat riband. Lightning 
or other meteor darting across the sky, although 
in fact but a moving luminous point, is generally 
thought of as a long line of light: the term 
forked-lightning has reference to this prejudice. 
The same remark applies in a degree to a sky- 
rocket in its rapid ascent. Two or more colours 
painted separately on the rim of a wheel which 
is made to turn rapidly, appear to the eye to be 
as completely united as if they were really mixed : 
— ^it has been already explained how patches of the 
various colours of the rainbow mixed in this way 
forhi white light. If on one side of a card a 
little bird be painted, and on a corresponding part 
of the other side a cage, then on making the card 
turn rapidly by twisting between the fingers two 
threads fixed to its opposte edges, the little bird 
will appear to be imprisoned in the cage: or, 
again, if a pensive Juliet sitting in her bower oc- 
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ctipy one side of the card, and a longing Romeo 
the other, by the magic turn of the threads the 
passionate lovers may instantly be brought toge- 
ther. Dr. Paris displayed taste and an amiable 
ingenuity in designing this toy with great variety 
qf subjects. 

A certain intensity of light is necessary to 
distinct vision, but the degree varies with the 
previous state of the organ. A person passing 
from the bright day into a shaded room, for a 
time may fancy himself in total darkness; and to 
persons sitting in the room and become accustom- 
ed to the leas light so as to sefe well with it, he 
will appear to be almost blind. The dawn of 
morning after the darkness of night appears much 
brighter than an equal degree of light in the 
evening. When, as the night falls, our lamps or 
candles are first introduced, the glare is often for a 
time offensive : and the same feeling is still stronger 
on opening, in the morning, bed*room window- 
shutters or close«drawn curtains. Aft;er the re- 
pose of night, the sensibility of the eye is such 
that the globules of blood in the capillary vessels 
of the retina produce the impression on it of little 
globes of light crossing among each other as the 
tortuous vessels do. To a prisoner after long 
confinement in a dark dungeon, the light of the 
sun is almost insupportable. And a dungeoi^ 
which to common eyes is utterly dark, still to its 
long-held inmate has ceased to be so. There are 
various instances in the records of die barbarous 
ages, of prisoners confined for years in utter dark- 
ness, who at last could see and make companions 
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of the mice which frequented their cells. The 
darkness of a total eclipse after bright sunshine 
appears much more deep than that of midnight, 
because of the sudden contrast The long polar 
night of months ceases to appear very dark to the 
polar inhabitants. If an eye be directed for a 
time to a black wafer laid on a sheet of white 
paper, and afterwards to another part of the 
sheet, a portion of the paper of the size of the 
wafer will appear brilliantly illuminated: for the 
ordinary degree of light from it appears intense 
to the part of the eye lately receiving almost none* 
An eye directed long and intensely upon any mi- 
nute object-— as when a sailor watches a speck in 
the distant horizon, supposed to be a ship, or 
when a hunter on the brown heath keeps his eye 
fixed on some game nearly of the colour of the 
heath, or when an astronomer gazes long at a 
little star — has the sensibility of its centre at last 
exhausted, and ceases to perceive the object ; but 
on directing the axis of the eye a little to one side 
of the object, so that an image may. be formed 
only Tiear the centre, the object may be again per- 
ceived, and the centre in the mean time enjoying 
repose, will recover its power. 

But the most extraordinary fact connected with 
the sensibility of the retina is, that if part of it 
be strongly exercised by looking for a time at an 
pbject.of any bright colour, on then turning the 
eye away or altogether shutting it, an impression 
or spectrum will remain of the same form as the 
object lately contemplated, but of a perfectly 
different colour. Thus if an eye be directed for 
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^.tiiiie to a red wafer laid on white pape)*, and be 
then shut or turned to another part of the paper» 
9 beautifully bright green wafer will be seen, and 
vice versa, a green wafer will produce a red spec- 
trum, an orange wafer, will similarly produce a 
blue spectrum, a yellow one a violet spectrum, 
&c. ; and a cluster of w^ers will p/'oduce a similar 
fluster of opposite colour's. If the hapd be 
th^n held over the eyelids to darken the eyies 
and prevent entirely the approach of lights the 
spectrum of the bright parts will be luminous 
surrounded by a dark ground, and when the hand 
is again removed the contrary will be true. Again, 
if the eye be in a degree fatigued by looking at 
the setting sun, or even at a window with a bright 
3ky beyond it, or at any very bright objecti on th^ 
shutting it, the lately contemplated forms will be 
perceived, first of one vivid colour, and then of 
another, until perhaps all the primary colours have 
passed in review. These extraordinary facts prove 
that the sensation of light and colour, although 
excitable by light, is also producible without it. 
This truth gave occasion to Darwin*s ingenious 
theory, that the sensation of any particular co- 
lour, of red for instance, is dependent 'upon a 
Certain state of contraction of the minute fibres of 
the retina, as the sensation of a particular tone 
depends on a certain frequency of vibration of 
some part of the ear, — and that the fibres, when 
fatigued in that condition, seek relief when at 
liberty, by throwing themselves into an opposite 
state, — as a man whose back is fatigue^ by bending 
forward, relieves himself not by merely standing 
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erect, but by bending the spine backwards-— which 
new condition, whether produced by light or by 
any other cause, gives tbe sensation of green. 
He applied his explanation similarly to all other 
ca^es of colonn It is remarkable that the colours 
which thus appear opposite to each other in kind 
are those which when tbe solar spectrum produced 
by a prism, as described a few pages back, is paint- 
ed round a wheel or circle, are opposite to each 
other in place. 

There are persons who although having distinct 
perceptions of form and of light and shade, have 
not the power of distinguishing colours. It is 
common for such persons to deem pink and pea^ 
green (naturally opposites) the same colour, and 
therefore not to distinguish difference of colour in 
a red berry and the leaves around it. A man with 
this defect, trusting to his own judgment, might, 
without knowing it, dress himself like a parrot 

" The mind judges of external objects by the re- 
lative size, brightness, colour, ^, qfthe minute but 
perfect images of them formed at the back of the 
eye on the expansion qf nerve called the retina ; 
and the art of painting is successful in proportion 
as it produces on a larger scale a picture, which 
when afterwards held before the eye to reproduce 
itself in miniature upon the retina, may excite the 
same impression as the original objectJ* (Read 
the Analysis, page 162.) 

We now understand how an admirable miniature 
resemblance of the objects before us is produced 
upon the retina of the eye, by the light from them 

Q 2 
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Tefracted in passing through the different parts of 
the eye ; but after all, this is only a picture, and 
the inquiry remains — ^which many persons would 
suppose so simple as to be trifling, but which is 
in reality most curious and important— how we 
are thereby enabled to judge of the magnitudes, 
distances, and other particulars respecting the 
things examined. Here it will be found, to the 
surprise of persons first entering upon the subject, 
that we learn the meaning of a scene or pictorial 
signs only gradually, as we do of any other sys- 
tem of signs, and that a person no more sees, in 
the complete sense of the word, that is to say, 
no more understands any scene or prospect 
when he first opens his eyes upon it, and has a 
perfect picture of it on his retina, than he un- 
derstands or can read a printed page, on first 
looking into a book before he has learned his 
letters. Most interesting information has been 
obtained on this subject, by observing the facts 
where blindness from birth has been, by surgical 
operation, suddenly cured in persons arrived at 
maturity. 

If a man were placed from infancy in an apart- 
ment fitted up as a camera obscura, and bad no 
means of becoming acquainted with external na- 
ture, but by watching the images appearing upon 
the screen, he could learn almost nothing of the 
universe around him j but if after a time he were, 
allowed to walk out, and to examine by the touch 
and by measurement the different objects pour* 
tray ed there, and to ascertain what size, shape, 
and distance of an object corresponded with . a 
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certain magnitude, form, position, and brightness 
of image, the imagery might at last be to him a very 
clear indication of such particulars, and through 
them of nearly all else that he desired to know ; 
making him in imagination present to the objects 
around, almost as if he went andexamined them with 
his hands like a blind man, or in any other way. In 
the same manner, nearly, the soul may be consider- 
ed as if originally placed in the little camera ob- 
scura of the eye, where it has to acquire expe- 
rience of external nature by commanding the 
services of the bodily limbs or members. The 
judging of things by sight, then, is merely the in- 
terpreting one set of signs, as judging by sounds 
or language is interpreting another, and judging 
by hieroglyphics or any written characters is inter- 
preting a third. The common visual signs on 
the retina, however, are those most readily learn- 
ed or understood, from having certain relations in 
form, &c. to the things signified. 

Bodies differ and are distinguished among them- 
selves chiefly by their comparative dimensions, 
that is, their size and shape ; and to ascertain 
these and the relative distances, are the great ob^ 
jects which by the eye the mind seeks to accom- 
plish. Now it effects its ends by considering col- 
lectively, 

1st. The space and place occupied by objects in 
the field of view, measured by what is called the 
visual angle. 

2d. Tlie intensity Xff lights shade^ and colour^ 

Sd. The divergence of the rays of light. 

4th. Thd convergence, (f the axes of the eyes.: 
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We shall treat of these particularB separately in 
the order now mentioned. 

' Ist The space and place occupied in the fidd of- 
vietCf measured by the visual angle. 
The field of view is that open or visible space 
before the eyes, in which objects are seen ; and 
the term may mean either the small field visible in 
one position of the eyes, or that which is perceived 
on directing them all around. As the eye may be 
turned in every direction, it may be considered as 
placed in the centre of a hollow sphere, where it 
sees the several objects around occupying certain 
situations and certain proportions of the circum- 
ference : and 
if a man were 
really sur- 
rounded by a 
large globe or 
sphere of glass 
as Of through 
which he 

might view 
objects, which 
sphere hadany 
equal divisions 
or degrees 
marked upon it all around, he would be able 
at once to say exactly what portion of his 
sphere or field of view was shadowed or occupied 
by any single object, as the cross here shewn at /, 
and thus to describe very intelligibly, either for 
his own recollection, or to inform others, its re- 
lative magnitude and situation as then appear- 
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tog to hiin» — -just as he might say, on looking at 
i tree in the garden through a common window 
(which is a portion of the field of view really 
divided by the cross bars), whether he saw the 
whole tree through one pane or through several, 
and through which pane or panes he saw it» It 
may be remarked farther, that whether the sup*^ 
posed sphere of glass weiie large or small, viz, 
were as a or as 6 or c, the part of its surface appa- 
rently occupied by any object beyond or within 
it, would bear the same proportion to the whole 
surface. Now as men have found it convenient 
to consider a circle (and every circle) as divisible 
into 360 degrees (which are smaller therefore in a 
small than in a large circle, although in each having 
the same relation to the whole), the ready mode of 
comparing the apparent magnitude of objects is 
to say how many of these degrees of the field of 
view — supposed a portion of a hollow sphere sur* 
rounding a man, each object occupied : and this 
is really what is meant by the apparent size of an 
abject. And because the most convenient way 
of measuring a portion of a circle, of which the 
whole is not seen, is to measure the angle formed 
at its centre by lines drawn from the extremities 
of the pprtion,-*-as here the angle at e formed by 
the lines c e and g e, the object is said to occupy a 
certain number of degrees of the circumference of 
the circle, or to subtend an angle of the same number 
of degrees at its centre, and this angle is called the 
vkual angle, the subject of our present disquisition* 
The visual angleHhen, in regwd to any object, 
is that included between the lines or ray^, as a ?/ 
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and d ^ which from the extreme points of the 
object, as a <^ cross in the lens of the eye» and 
go afterwards to form the extremes of the image 
on the retina, and, as formerly explained, the 
angle is the same on either side of the letis, viz. 
towards the object or towards the image. Now if 
all bodies were at the same distance from the eye, 
the magnitudes of their images formed on the re- 
tina, or in other words of the visual angles sub- 
tended by them, would be an exact measure of 
their comparative real magnitudes, as is seen in i u, 

the image 

of the great 

cross a d, 

-%ind in i o 

the image 

^of the small 

cross ft rfr 

but it is evident here, that the cross c e, which is 

twice as large as b d, makes, because twice as far 

off, an image of only the same size as b d, and an 

image therefore only half as large as that of a cross 

a d equal in size with itself: and the same rule 

of proportion holds for all other comparative dis^ 

tances — at a hundred times the distance, an object 

appearing only the hundredth part as tall, and so 

forth. To judge therefore by the eye of the true 

size of an object, we must know its distance as 

well as its apparent size or visual angle. 

Many familiar facts receive their explanation from 

the law of the visual anj^e or apparent size be-* 

ing less always in prbportidb as the distance of 

an object is greater. 
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A man, (or a cross) at dy standing near the outside 
of a window, as b c (shewn here edgeways), may to 
a spectator seated within the window at hy subtend 
the same visual angle, or appear as tall as the win- 
dow, the light from his head passing through the 
top of the window, and that from his feet passing 

A through the bot- 
--tom: but if the 
man then move 
away from the 
window, the spectator will be able to see his 
whole body through a smaller and a smaller ex- 
tent of the window, — ^as through half its height 
or a Cj when he is twice as distant from the eye, 
or at fy and through the third or o c, when he 
shall be three times^ as distant, or at g, and so 
forth, for any other distance ; so that soon a small 
figure of a man cut in paper, if laid upon the 
glass, would exactly cover the part of it through 
which the light from him entered to the spectator's 
eye, and would then, by completely hiding him 
from view, be an exact measure of his apparent 
size : and at last a fly passing over the pane might 
equally hide him, and the fly then would subtend 
a larger visual angle than he, that is to say, would 
be forming on the retina a larger image than the 
man* Thus it often happens in reality, that a per- 
son sitting near a window, and intent upon some 
subject of study or of conversation, mistakes a 
fly on the glass for a man at a distance ; or, on 
the contrary, a man for a fly. Jt is ascertained 
that the eye, with an ordinary degree of light, can 
see an object which in the field of view occupies 
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only the sixtiedi of a degree (or one minute) in a 
circle of twelve mches diameter, the eye being 
supposed in the centre of the ciitle* This space 
is about the 100th of any inch measure held six 
inches from the eye. Now a body smaller than 
lliis, at six inches, or any thing, however lai^e» 
placed so far from the eye as to occupy in the 
field of view less space than this, is invisible to 
ordinary sight. At four miles otE, a man is thus 
invisible. A pin-head near will hide a house on a 
distant hill— ^nay, will hide even the planet Ju* 
piter, although 1^000 times bigger than this earth. 

In accordance with the principle now explained 
a marine telescope has been constructed, halving 
the field of view divided by fine cross wires, or 
otherwise, so that the person using it can say at 
once how much of its field any object occupies. 
Now when ships are in chase, it is common by this 
instrument, or some other that will detect a 
change of apparent size, or of visual angles to 
view the fleeing or pursuing ship ; and if the ap- 
parent size be observed to incirease, it is known 
that the ships are nearing each other; if on 
the contrary it diminish^ the chased ship is es- 
caping. 

By applying tiiis rule, whenever the exact size 
of a distant object is known the distance is ascer- 
tainable, and, vice ver^d, where the distance is ^Xc* 
actly known the size is determinable : — for it is 
evident that if a body, as a ship, known to be 
100 feet tall, occupy or subtend in the field of vi* 
sion the 360th part of a whole circle, or one de^ 
gree, the whde circle must be 360 times 100 feeti 
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or 86,000 ; and knowing the diameter of such a 
circle to be neaiiy one»third as much, we leam 
the distance of the ship, viz. half the diameter. 
Again, if we know the distance of a ship or other 
object to be a mile, and if we then find its visual 
angle to be the 1,000th part of a circle, we know 
its true size to be the 1,000th part of a circle, of 
which the half diameter or radius is one mile. It 
is by applying this rule in a manner to be after^ 
wards explained, that we determine the size of the 
heavenly bodies. 

We now perceive that if the rays of light coming 
to the eye through a plate of glass, from objects 
seen beyond it, could leave marks in the glass at 
die points where they passed, atid marks capable 
of giving out the same kind of light as caused 
them, there would be formed upon the glass a re« 
presentation or picture of the objects formerly 
viewed t/irough it, and that picture would be so 
perfect, that when held before the eye, it would 
form on the retina an image or images the same 
in almost all respects as the objects themselves 
had done ; for from the different points of the 
glass, light would dart to the eye in the very same 
directions pursued by that originally darted from 
the objects. Now the art of painting seeks so to 
dispose lights, ishades, and colours on any'plane 
surface, as to produce the sort of representation 
of objects here contemplated, while the picture- 
frame has to recall the window^frame, or edge of 
the plate of glass through which the true scene is 
supposed to be viewed. It is remarkable indeed 
how perfectly this art now accomplishes itat endst; 
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and although there are still trifling differences 
between the effect updn the eye, of a common 
pictm«» and of the realities, — which peculiarities 
we shall consider presently, and how they may 
be combated so as to render the illusion quite 
perfect, — ^it is not one of them» as might be sup- 
posed from the small extent of the canvas, that 
the picture appears to the retina smaller than the 
objects themselves. Few people, before studying 
this subject, are aware that in b, good picture the 
size of the figures is always made exactly such, 
that at the distance from the eye at which they 
are meant to be beheld, they produce on the retina 
the very same size of image as would be produced by 
the realities seen, under the aspect represented in 
the picture. To become sensible of this, let a person 
look through a window-pane, with the eye at the dis- 
tance of eightinches from it, and let him draw with a 
sharp point upon the glass previously coated with 
gum, the outline of the scene beyond — ^perhaps a 
street or square, he will find, that the outline of a 
man seen there at the distance of twenty paces, 
appearing perfectly to coincide with the boun- 
(kries of the person, and such as, if opaque, 
would just hide the person, will be scarcely half an 
inch tall, while the figure of a man a few hundred 
paces* off will appear as a little point too small for 
the minuter features to be distinguished, even if 
they could be drawn. 

Now as a person who reads the description of an 
elephant, does not deem the animal larger or 
smaller because of the size of letter used in the 
printing, ot of the size of the accompanying en- 
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graved representation, whether it be diminutive 
in the page of a child's nursery-book, or wide 
spread over the page of a quarto— and as a man, 
viewing in a picture-gallery miniatures and larger 
portraits, does not conceive of the originals accord- 
ing to the size of the representations — ^and as a man 
who views a picture of a temple, so perfect that it 
might almost be mistaken for the reality, never 
dreams, unless his attention be particularly di- 
rected to the fact, that the distant pJUars of the 
rows are vastly smaller upon the canvas than the 
near ones; but in all such xBases the mind merely 
uses the signs to help it to conceive of the things 
according to other principles of judging; so in 
any cfommon case of seeing, the mind takes so 
little account of the apparent size of objects 
passing instantly from the types to the realities, 
generally known, that it soon ceases to be aware 
that the apparent size of the same object ever 
changes. Most persons would be surprised to be 
told, for instance, that a' man with whom one is 
shaking hands, appears to the mere eye ten times 
taller than when he has walked ten paces away^ 
or that a chair at one end of a room appears to a 
person sitting at the other, only half as large as a 
chair in the middle of the room ; but such are 
the facts : and they may be immediately proved 
by holding a common eye-glass or ring at a certain 
distance from the eye, and then looking through 
it at any similar objects placed at different dis- 
tances ; then, while of a chair standing near, only 
a small part will be visible through the ring — of a 
distant chair, the whole may be seen ;— and so of 
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any , other case. At fiye miles distance, Nelson's 
fleet on the great day of Trafalgar might have been 
seen through a marriage-ring as the picture-frame* 
There are occasions, however, where the usual 
collateral helps to the immediate recognition of 
objects being wanting, the attention is strongly 
aroused to the fact of their diminutive appearance 
produced by distance — ^for instance, when a maa 
first from the high sea approaches a land, of which 
the features are in a degree new to him : an £ng« 
lishman arriving in India has considerable difficulty 
in believing the little specks which he sees scat^ 
tered along the shore to be commodious dwell* 
ings, and what seem to him only luxuriant herbs 
or bushes, to be magnificent palm-trees. 
. For the same reason that a distant body to the 
mere eye appears diminutive, viz. the smaUness of 
the visual angle between the extreme points ob- 
served, so does a distant motion to the mere eye 
appear slow, A carriage dashing past a pedes- 
trian in the street, may surprise him by its speed ; 
but if viewed at the same time by a spectator 
from the top of St. PauPs, it seems to be but 
crawling along the pavement A ship driven be- 
fore a tempest, .scarcely allows the sailor on board 
to distinguish the individual masses of the white 
foaqi through which she flies ; but if then seen on 
the distant horizon by a spectator on shore, she is 
scarcely perceived to change her place. A. bal- 
loon high in the air, and borne along on the wings 
of the wind at the rate pf seventy or eighty miles 
an hour, may still for a time leave a spectator on 
earth doubtful as to the direction in which it is 
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moving^ The moOn in her orbit wheels round the 
eirtb at the astonishing rate of about 2,000 miles 
an hour, yet, olving to her distance from it, ter 
niotion is not there visible to the naked eye, except 
by comparing her place at considerable intervals. 
In respect to bodies still more distant than the 
moon, the truth at present under consideration is 
still more striking. 

Having now explained how the apparent tranverse 
measure of bodies and of space, in other words 

. the visual angle subtended by them, is affected 
by their distance from the eye, we proceed to 
shew how it is affected also by their position. 

A globe at a certain distance from the eye, 
however turned, has the same appearance or bulk 
in the field of view, and its outline traced upon 
glass held between it and the eye, is always a 
circle ; but an egg, although when held in one 
ppsitioa it produces a circular outline or image, 
when held in another, produces an image nearly 
oval. A wheel when viewed sideways appears a 
perfect circle, when viewed edgeways it appears a 
broad straight band or line, and when in any in- 
termediate position it also appears oval. The ap- 
parent form then is only a hint to the mind from 
.^hich, by former experience or other means, it 
guesses at the true form. If a man had never 
seen an egg but endways, he never could have 
known that it was not a perfect sphere. 
, If atiy long straight object, as a beam, be placed 
with one of its ends directly to the eye, that end 
only can be seen, and according to the case must 
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appear a square or circle of the diameter of the 
beam ; if it then be placed with its side directly* 
to the eye, its whole length will be seen ; and if 
placed in any intermediate position, it will appear 
more or less shortened ; — ^in all cases^ its outline on 
the retina being similar to that of its shadow on a 
wall behind the person. A man has advanced on a 
spear pointed directly to his eye without seeing it, 
or on a bar of iron carried on the shoulder of a 
porter met in the street A common telescope 
held with its end to the eye appears a perfect cir* 
cle, if then inclined a little, it seems to jut out 
on one side, and as the Inclination . is increased, 
it juts out more and more, until it displays its 
whole length. A great ship of war whose stern 
is towards a spectator, appears a rounded build- 
ing with its rows of windows like those of a 
peaceful habitation ; but as it turns, it gradually 
, reveals the. bristling cannon in their whole length 
of fearful batteries. A straight row of a thou- 
sand similar objects, as of soldiers in rank, pillars, 
trees. &c., may appear to a person at the ex- 
tremity as only one object of the kind, the nearest 
individual completely hiding all the others ; but 
if viewed from the side and at a certain distance, 
the individuals may be counted. 

The appearance now treated of is callefl^^r^- 
sfiorteningf and is to be noted wherever any sur- 
faces or lines are not placed so as completely to 
face the spectator. 

Perhaps the most important case of foreshorten- 
ing which has to be observed is that of an exten- 
sive plane surface, along which the eye looks — 
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for instance^ the general surface of the earth or 
sea, by estimating aright the foreshortening of 
which, we partly judge of the distance or situa- 
tion of the objects placed ilpon it It is evident 
that in all such cases the more distant portions of 
the surface are progressively more foreshortened 
than the nearer ; for a man standing on a plain 
as a by and looking down immediately before him 

.with his eye at 
c, sees a portion 
of the surface 
almost direcdy, 
or without any foreshortening, and an extent of 5 
feet, as tf (/ (if 5 feet be the height of the eye), 
will subtend in the eye an angle of 45"", viz. the 
angle a c dy or will appear 45"^ long in his field 
of view — therefore half of what is subtended by 
the whole space from his feet to the horizon ; the 
next 6 feet will subtend an angle of only 18"^^ 
mz^ d efy the next of 8^, m., f c gy and so on ; 
and as he carries his view more and more forward, 
die surface becomes to it more and more oblique, 
until at last the light coming from the surface seems 
rather to skim along the level than to rise. This 
explains why a person having a side view of a row 
of separate objects, as of men in line, trees, pillars, 
&c., may see through between the nearest of them, 
but towards the extremes of the view sees them as 
if standing in closest possible array, or as if forming 
a continued surface. The same remark explains 
why masses of cloud scattered uniformly over the 
sky, may allow a spectator to see wide intervals of 
4iie blue'ht^ven over-head, while all around ther« 

u 
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is a dense cloudy wall appearing to rest on the . 
horizon. 

If a man standing on a hill look down upon a 
field or plain which is well known to him, and if 
he see some objects near its side, and some near 
its middle, and some near its distant border, he 
knows at once how far they are from him and 
from each other. Similarly, if viewing the. ocean 
from a lofty cliff, and seeing ships scattered over 
its face, he may judge correctly of their distance, 
for he can see only a certain extent of ocean 
which becomes to him as a known field. The 
man stationed at the flag-staff on the High Knowl 
peak of St. Helena, looks down upon a circular 
field of the Atlantic a hundred miles broad, and 
he tells the distance of any sail in sight to within 
a mile or two. Now although the ground plan of 
a landscape may not be so level as the field or 
^cean-face now spoken of, there is still an. ap- 
proximation to the true plain, which very consider*^ 
ably assists a spectator's judgment of distances. 

Painters are not only careful to foreshorten cor- 
rectly, according to the proportion explained 
above, all the objects which they pourtray, but 
they often avail themselves of the principle to 
produce most striking effects. For instance, Mar- 
tin in many of his beautiful designs, by judicious 
foreshortening, has exhibited miles in extent of 
gorgeous architecture and of armed men, on a 
space of canvas, that would seem scarcely more, 
than sufficient to receive a few figures : he has 
made a single magnificent pillar or accoutred war- 
nor placed in /the foreground, become the type 
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which first fills the mind with admiration, and 
then sends it along the retiring lines of beautiful 
perepective, where every tip or edge renews the 
first impression. A man lying on a table or a 
bed nearly as high as the eye, with his feet to- 
wards the spectator^ is foreshortened into a 
roundish heap, of which the soles of the feet 
hide the greater part. This is the description of 
the painting which has been called the miraculous 
entombment of Christ, and it is because an un- 
reflecting spectator moving sideways with the ex- 
pectation of seeing more of the body, still sees 
only the soles of the feet, and may suppose the 
body turned round so as to front him, that the 
painting has received its appellation. For nearly 
the same reason the eyes of a common portrait 
may seem to follow a spectator to whatever part 
of the room he goes. A rifleman represented as 
taking aim directly in front of the picture, will 
seem to have in his power every spectator standing 
in the room ; for, as in the case of the miraculous 
Entombment, every spectator present will feel as 
if he alone could see the picture as all see it To 
terrify young ladies, a little arch Cupid has inge- 
niously been represented with his arrow pointed 
directly at them, and just ready to let it slip from 
his bended bow : — and, oh, how they are terrified ! 
As the painter, availing himself of a know- 
ledge of the principles now explained, by which 
the eye usually judges of size and distance, may 
produce on his canvas the most cliarming illusions, 
so may the tasteful landlord in his ornamental 
gardens and pleasure grounds, by working his 

R 2 
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levels into artificial undulation of hill and dale^ 
with magnitude of tree and of edifice to corres- 
pond — ^make the eye of a spectator luxuriate in 
the contemplation of supposed extensive plains, 
lofly mountains, distant pagodas, and wide-^i^ead 
lakes — all within the narrow space of an acre or 
two ; — ^thus, in truth, by other means, producing 
on the l^etina the same impressions as Claude, 
Poussin, or Wilson, by their finest pictures. 

When any object or mass of objects is fore- 
shortened, by one part being further from the eye 
.than another, that part appears also in a propor- 
tion smaller than the other. For example, in a 
straight row of similar houses, trees, &c., those 
nearest to the; eye will, on a glass held before the 
eye to receive their images, form the largest 
images, and there will be a gradual diminution 
from the largest to the least, so that lines drawn 
upon the glass along the tops and bottoms of the 
images would tend to a point, called, for a reason 
explained below, the vanishing point. Thus a 
person looking from a window upon a long straight 
street, must, to see to the chinmies of the nearetit 
house, look through the top of the window, and 
to see the streetdoor must look through the bot- 
tom ; but the most distant house, both top and 
bottom, may be conceded from view by a little 
spot upon the glass at the height of the eye. This 
remarkable tapering of foreshortened objects may 
of course be strikidgly observed on looking at any 
correctly made drawing or engraving meant to 
ref^esent a retiring row of similar objects ; — such 
drawing b^ng in truth an attempt to realize by 
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art the appearance of the objects as seen through 
the window. 

The. art which attempts to trace objects on a 
plane surface, as they would appear on looking at 
them through that surface if it were transparent, 
with their varipus degrees of apparent diminution 
on account of distance, and of foreshortening on 
account of obliquity of position, is called, from 
the Latin wo^d signifying to look through, the art 
of perspective. It consists entirely of the two 
parts now mentioned ; and notwithstanding the 
terror with which the study of it is clothed in tlie 
imaginations of many young painters, by reason 
of the mathematical difficulties with which it has 
usually been mixed up, it is in itself exceedingly 
simple. We hope that a person capable of or- 
dinary attention will, from what we Iwve already 
said, and from the few additional remarks which 
we have still to make on the appearances of nature, 
be able completely to undecstand the great laws; qS 
perpective. Although, without, a kaQwledge of 
these laws, a quick eye soon enables its possessor 
to sketch from nature with much truth i and ^^ 
though the two instruments, the camera ob^urai 
and camera Incida^ give almost mathematical ac- 
curacy to drawings, without requiring other skill 
in the draughtsman than to trace with ink o;* pen- 
cil the lines which he sees as if on th^ {]|aper, still 
the subject is so interesting to all who look either 
at nature or the works of art, that no intellig'^nt 
person should neglect it. 

Supposing a straight row of similar objects, as 
of the stone blocks or pillars represented here 
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from a to iS^, to be viewed by a person standing 

near c, then, 
because, as al- 
ready explain- 
ed, objects to 
the eye appear 
smaller in ex- 
act proportion 
to their in- 
creased dis- 
tance from it, the second block, if twice as far off 
as the first, would appear only half as large ; the 
third, if three times as far, would be only one- 
thiixl as large, and so on to any extent, and for 
any other proportions ; and if the 1,000th or any 
other nearer or more distant pillar subtended to 
tlie eye an angle less than the sixtieth of a de- 
gree of the field of view, it would be altogether 
invisible, even if nothing intervened between it 
and the eye. Then, where the row ceased to be 
visible from the minuteness of the parts, or from 
the fact of the nearer objects concealing the more 
remote, it might be said to have reached its vanish- 
ing point. 

Now it is very remarkable that in any such case 
of a straight line or row vanishing from sight, in 
whatever direction it points, east for instance, 
although the eye to see the near end of it would 
have to look about north-east, still the point in the 
heavens, or in a picture, or transparent plane be- 
fore the eye, where the line would vanish, would 
be exactly east from the eye, and not in the 
slightest degree either to the north or to the south 
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of the east point, because the' pillars happened to 
be north or south of the individual; and there- 
fore, if there were two or more rows of pillars 
parallel to the first, but considerably apart 
from each other, as the lines here a S, 6 5, dS, 
&c. still all would vanish or seem to terminate in 
the very .same point of the field of view. The 
reason of this is easily understood. Let us sup- 
pose a line drawn directly east from the eye or to 
the point iS^, viz. a line directly over the line c Sj 
and that the line of pillars a iS, also pointing east, 
is 20 feet north of the spectator, and the line of 
pillars b S9 running in the same direction, is 20 
feet south of him, then evidently for the same 
reason as the space between the top and bottom 
of the pillars, that is to say their height, becomes 
apparently less as their distance from the eye 
increases, so will the space between each pillar and 
the point corresponding to its place in the visual 
ray, or the line along which the eye looks, become 
less, and the lines of pillars really 20 feet apart 
from the visual ray, will at a certain distance from 
the eye, viz. where 20 feet is apparently reduced 
to a point, appear to join it, and the three lines 
will appear to meet in that point, beyotid which 
they cannot be visible, and which is therefore 
called the vanishing point. The conception of 
this truth may be facilitated by our supposing a 
star or planet to be rising in the eastern point of 
the heavens at the moment of observation ; then, 
if the three parallel lines were continued on to 
the planet, and were visible* as far, they would 
arrive there with the 20 feet of interval between 
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them just as they left the earth ; but as my planet^ 
although many thousand miles in diamctor, owing 
to its distance from the eart^, appears only a pointy 
much more would two lines only 90 feet apart be 
there undistinguishable in place by human sights 
And what is true of a space of 20 feet between 
parallel lines, is equally true, as rc^gards human 
vision, of a space of hundreds or of thousands, 
of miles : as a general rule therefore, it holds» 
that all lines in reality parallel to each otiier in 
perspective tend to and finish in the same vanish- 
ing point, viz^ the situatioo of the line in which 
the eye looks when directed paraUel to any one of 
those real lines. And this is true not only of UncA 
in the same level or horizontal plane^ viz^ such aq 
might be along the surface of the se?, but also of 
lines that are vertical or one above another^ a(^ 
those running along the tops and bottoms of the 
pillars here^ or along the roofs and windows of 
the houses, and indeed of all lines in whatever 
situation, provided they are parallel to the visual 
ray. When it is ascertained therefore that a line 
in any natural or artificial object points 10 or 20 
or any number of degrees north or south, or 
above or below, &c. the centre of a scene or 
picture, that is to say, the point of sight or prin^ 
cipal visual ray, then also is it known that all the 
parallels to that line have their vanishing point in 
that spot of the field of view, and a line sup- 
posed drawn from the eye to thebeavens, or really 
drawn to the picture in that direction, marks the 
true vanishing point. 
It is explained nowt why in a long arched tunneU 
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or a cathedral with many.longitiidinal linea on it» 
floor, walls, roof, &c., all such lines seen by an eye 
looking along from one end, appear to converge 
to a point at the other, like the radii of a spider's 
web ; and why in the representation of a commcm 
room, viewed from one end, all the lines of the 

comers, tops 
and bottoms d 
windows, floor^ 
stripes on a 
carpet^ comers 
of tables, &c« 
being parallel 
to each otfaefy 
tend to the 
same vanishing point as.V^ and are cnt off accord* 
ii^ to the rule of foreshortening formerly alluded 
to. The same coifisiderations will explain the 
appearance often to be observed, of two little 
clouds near each other and almost motionless for 
a long time in the distant^ky directly to windwardi 
but which on approaching the spectator, appear 
to be gradually, and at last suddenly enlarged, 
while one of them sweeps past considerably to the 
right hand, and the other considerably to the left, 
but both again meet, when at the former distance' 
beyond the spectator, appearing there as small 
M at first Clouds being so mutable and uncer- 
tain in their forms, persons have been led to deem 
all apparent changes in them, of form^ m^e, and 
place, to be real changes, and not, as they generally 
are, mere optical or perspective illusion* 
By far the most important vanisliing-pdnt in 
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common scenes is the tmddle of the honzon or 
level line, and in a picture properly placed it is at 
the exact height of the eye. It is marked S in the 
figure before the last, and V in the last figure. 
Because in houses, the roofs, foundations, floors, 
windows, &c., are all horizontal, the vanishing 
points of their lines must be somewhere in the 
horizon, and if the spectator be in the middle of 
a street or of a building, and be looking in the 
direction of its walls, their vanishing point will be 
in the centre of the scene or picture* if he be 
elsewhere, it will be at one side* In holding up 
a picture-frame, though which to view a scene 
suitable for a picture, it would be found most be- 
fitting to raise it until the line of the horizon ap- 
peared to cross at about one-third from the bot- 
tom : — this fact becomes the reason of the rule in 
painting, so to place the horizontal line. In begin^ 
ning a picture, this line is usually the first line 
drawn on the canvas, as marking the place of the 
vanishing points of all level lines and surfaces. 
And the eye of the spectator is supposed to be 
placed before the middle of it, and generally about 
as far from the picture as the picture is itself 
long, such being the"^ extent of view which the 
eye at one time most conveniently commands. 

Understanding now that the apparent or per^ 
spective direction of all lines in a scene is towards 
their vanishing points as above discovered, or pa- 
rallel to the picture where the originals are so 
and therefore cannot have vanishing points ac- 
cording to the rule given, we proceed to shew. 
how much of a line drawn to any vanishing point 
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belongs . to the known magnitude of. any/ object 
through which it passes; in other words, how 
much an object is in perspective foreshortened in 
consequence of ite obhquity of position. 

If we suppose A S P to represent a plate of 
glass seen edgeways, and that towards the point 
S in it, an eye is looking from the point D, evi- 
dently then, a 
line from P 
continued in 
the direction 
[P R until it 
vanished from sight, could have as its perspective 
image or representation on the glass only, a line 
reaching from P to S, the point of sighi here, and 
the pictorial vanishing point of the line. Now to 
divide the representative line P S so asto correspond 
with any given portions of the originalline P R, &c,, 
it would only be necessary to draw other lines from 
the place of the eye D to cut or touch the ori- 
ginal line in the situations desired, and these lines 
would cut the perspective line S P as required : 
for instance, the portion of true line ab would be 
represented by the portion of the image-line S P, 
included between the two lines a D, and AD, and 
so of any other portions. There are figures drawn 
on many mathematical scales by which such pro- 
blems as this can be solved at once; and the pror 
portions are also detailed in common tabks.: but 
the most generally convenient mode in practice is 
to set oiF on the intended drawing (as that of 
which c d here marks the boundary), from the 
point of sight S a distance on the horizontal line, 
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at D, equal to the distance cf the eye from the pkr 




ture, and then by oblique lines drawn upon the base- 
line F R, to cut the perpendicular line F S in the 
situations desired — as is seen in the last sketch, 
which differs from the present only* in having the 
point of distance marked be^e its point of sights* 
instead of laterally as here. And the line F S 
being always cut by the oblique line from D in 
prq[>ortion to the length of base-line between P 
and the extremity of the oblique line, a horizontal 
line drawn through any point in it cuts in corres^ 
ponding proportions all the other lines which haver 
their vanishing points in the horizontal line S D, 
for instance, a S, A S, &c. Thus, to draw in per- 
spective, on the surface above represented and 
prepared, a chess board or board of squares, it is 
necessary to set off the breadth of the board on th^ 
base Jine to the right and left of P, viz. to b 
and 0, and then to draw to the point of sight as a 
vanishing poiiit^ the lines a S and b S, part of 
which lines will therefore represent the sides of 
the board, and then to draw the diagonal b D, 
which for the reasona above stated will cut the 
lines P S and a S in proportion to the length of 
baseJine to the right of their extremities ; aefb 
tiierefore is a aquare seen in perspective, and any 
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mimber of smaller included squares are made by 
drawing lines from the vanishing point to equal di- 
visions on the base, and making cross lines where 
the diagonal cuts these. 

Much of the delight which the art of painting 
is calculated to afford is lost to the world, because 
persons in general know not how to look at a pic- 
ture. Unless a spectator place himself where he 
can see the objects in true perspective, so that he 
may fancy himself looking at them through a win- 
dow or opening, every thing must appear to him 
falsely and distorted. The eye should be opposite 
the point of sight of the picture, and therefore on 
a level with the line of the horizon, and it should 
be at the required distance, which is generally 
at least as . great a^ the length of the picture. 
But blame not unfrequently rests also with' the 
artist, from his having neglected the study of 
perspective. It is very common, for instance, to 
see miniature resemblances of architectural struc- 
tures so foreshortened and tapered, that the eye, to 
see them in true perspective, would require to he 
within an inch of the paper ; whence at the usual 
distance of ten or twelve inches they are se^i as 
hideous distortions. The specimens in the few 
preceding pages necessarily exemplify in a degree 
this error, because the point of ^distance had to be 
marked where there was but a small page. These 
figures therefpre, by any person studyipg the 
subject particularly, should be drawn on such a 
scale as that the eye may really view them at the 
distance supposed. 
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A means of judging of the diniensions of bodied 
by the visual angle, but which depends neither 
on the absolute size of the image, nor on the 
foreshortening of the ground plane on which 
the body stands, is to use known objects in 
view as measures for others near them which are 
unknown. 

If any person of our acquaintance be standing 
at some distance from us near another person who 
is a stranger, we know how tall the stranger is by 
taking the acquaintance as a measure. 

In. pictorial representations of objects little fa- 
miliar, as to many people are the Egyptian pyra- 
mids, the bodies of the whale, the elephant, - the 
camel, fee.,- human beings may be represented 
around them to serve as measures for the less known 
object. The Colossus of Rhodes seen from afar, 
might to a stranger have appeared but an or- 
dinary statue of a man, but the exact magnitude 
would have been known as soon as a ship of known 
dimensions were seen sailing into port between his 
gigantic limbs. 

When an unpractised eye is first directed to a 
great ship of war, it will on many accounts dwell 
upon it with wonder and admiration ; but it may 
not judge truly of the enormous magnitude until 
near enough to perceive the sailors climbing on 
the rigging, and appearing there, by comparison, 
as flies or little birds appear among the branches 
of a majestic tree. 

By having a measure of this kind presented to 
us, the magnitude and elevation of some fine edi- 
fices are rendered more obvious. The magnificent 
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pile of St Paul's in London becomes more striking 
still, when we^discover visitors looking from the 
balconies near the summit cross. They appear so 
minute among the surrounding liuge masses that a 
person is at . first for a while disposed . to doubt 
whether they be men; but the fact once ascertain- 
ed, thje grandeur of the temple is rendered ex- 
tremely impressive. 

Many persons cannot distinguish between the 
little pilot balloon (sometimes despatched before a 
great one to shew the direction of the wind) and 
the great balloon itself, until with .the last they 
perceive the . aeronauts as little black points sus- 
pended under the globular cloud. 

Strangers visiting Switzerland, on first entering 
the vallies there, are often much deceived as to 
their extent. Because familiar generally with more 
lowly hills and shorter vallies at home, but which 
from being . near to the eyes form bulky images, 
and having no measure at first, they almost uni- 
versally underrate the Alpine dimensions: — ^they 
will wonder, for instance, in the valley of Cha- 
mouny, that they should be travelling swiftly for 
hours without reaching the end, where on enter- 
ing they did not believe the length to be as many 
miles. 

The . author once sailed through the Canary 
Islands, and passed in view of the far-famed Peak 
of Teneriffe. It had been in sight in the after- 
noon of the preceding day, at a distance of more 
than 100 miles, appearing then only as an ordi- 
nary distant hill rising out of the ocean ; but 
next morning, when, the ship had arrived within 
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about twmty miles of it» and while another siup 
of the fleet, holding her course six miles nearer to 
the land, served as a measure, it stood displayed 
as periiaps the most stupendous single object 
which on earth, and at one view, human vision 
can command. That noble ship, whose side shew* 
ing its tiers of cannon, equalled in extent the fronts 
often large houses in a street, and whose masts 
shot up like lofly steeples, . appeared as a speck 
scarcely rising from the sea, compared with the 
huge prominence beyond it towering sublimely to 
heaven, and around which the masses of doud, 
although as lofty as those which sail over the fields 
of Britain, were still hanging low on its ffldes. 
Teneri£fe alone of very high mountains, rises out 
of the bosom of the ocean with Inaccessible steep* 
ness on one side, to an elevation of 13,000 feet ; 
and as an object of contemplation, therefore, is 
more impressive than even the still loftier summits 
of Chimborazo or the Himalayas, which rise from 
elevated plains, and in tile midst of surrounding 
hills. 

It is because, objects which are nearly on a level 
with us, as contrasted with such as are either 
much above or much below, are in general more 
numerously surrounded by other objects which 
serve as measures of comparison, that we judge 
so much more correctly of the size and distance 
of the former than of the others. 

A man walking like ourselves on the searshore 
or other level, is at once recognized ; and probably 
it may not occur to us, that he appears smailei* on 
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account of the distance ; but if the same man bei 
seen afterwards at an equal distance above us, coU 
lecting the sea-fowl's eggs on the face of a cliffy 
or below us, gathering sbdls on the be$ch whr n we 
ourselves have reached the height, be appears no 
bigger than a crow: yet in all the cases he is 
where the same bulk forms the same magnitude of 
image on the retina. 

Even on a horizontal plain, if the general Sur- 
face be bare and uniform, single distant objects 
appear very diminutive. This is true, fqr instance^ 
of a man seen apart from his caravan, while jour* 
Beying acrpss a sandy desert ; while a man viewed 
at an equal distance, in the midst of a cultivated 
landscape, appears of bis natural size ; the same 
is true of a boat or ship seen out on the high sea# 
as contrasted with similar objects viewed iq a bar' 
bour, where other known objects are near them. 

We may now understand why the sun and moon# 
ixrhen rising or setting, appear to us much larger 
than when they have attained meridian lieight*^ 
although, if we examine them by any measure of 
the visual angle, as simply by looking at them 
through the same ring or tube, we find that there 
is lio difference* The sun and moon in appearance 
from this earth are nearly of the same size, c^ijer. 
always occupying in the field of view abotit .the 
half of a degree, or as much as is occupied, by a 
circle of a foot in diameter when held about 250 
feet from the eye — which circle therefore at that 
distance, and at any time, would just hide either 
of them. Now when a man sees the rising moon 
^parently filling up the end of a street, which he 
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knows to be 100 feet wide, he very naturally be- 
lieves that she then subtends a greater angle than 
usual, until the reflexion occur to him, — ^which it 
rarely will of itself, that he is using as a measure 
of her size, a street known indeed to be 100 feet 
wide, but of which the part concerned, owing to 
its distance, appears to his eye exceedingly small. 
The width of the street near him may occupy 60"* 
of his fleld of view, and he might see from be- 
tween the houses many broad constellations in- 
stead of the moon only, but the width of the 
street far off may not occupy, in the same field 
of view, the twentieth part of a degree, and the 
moon, which always occupies half a degree, will 
there appear comparatively large. The kind of 
illusion now spoken of is yet more remarkable 
when the moon is seen rising near still larger 
known objects, — for instance beyond a town, or a 
bill which then appears within her luminous circle. 
Any person who from the river-side terraces of 
Greenwich has observed the sun setting beyond 
London, with St. PauPs cathedral included in the 
glorious picture, will recollect a most interesting 
example of our present subject. That our ocular 
judgment of the size of the sun or moon is thus 
iniduenced by the presence or absence of objects 
of comparison, and not by the place of the bo- 
dies in the sky, is proved by the fact that a person 
viewing these bodies from the bottom of some of 
the Swiss valleys, where he might almost suppose 
himself placed at the centre of the earth, and 
looking abroad along an endless extent of pre- 
cipices — if he can closely compare them with cer- 



THE EYE — INTSHSITY OF LIGHT. 459 

tain known magnitudes of ridge or forest bound- 
ing his view, sees them, although at a great ele- 
vation, as large as they appear from other situations 
when rising directly out of the sea. Another proof 
is afforded by the case of a balloon at a great ele- 
vation seen crossing the disk of the sun or moon^ 
and appearing, however large, as an absolute 
6peck within the vast luminous area. In a future 
paragraph it will be explained, that the sun and 
moon when low appear larger than when high, 
also, because of their apparent dimness when low. 
It may be remarked here, that the visual es- 
timate formed of the great size of the sun and 
moon when seen on the horizon, is not an illusion^ 
as is popularly supposed, but an approximation to 
truth, still vastly short of llie reality. When we 
see a tree or a house, or a hill, apparently within 
the circumference of one of these orbs, it is really 
true that the orb is larger than the tree, or house, 
of hill, and so much larger, that even if the whole 
British Isles could be liiled away from the earth, 
and suispended as a map in the sky, when brought 
near the moon they would hide from a spectator 
on earth but a small part of her. 

Having now ishewn that in relation to any object, 
the visual angle or apparent size can be a measure 
of the true size only when the distance also is 
known, and that the visual angle itself serves to 
determine the distance only in certain cases, we 
proceed to examine other means which the eye 
commands for guessing at distances. 

s2 
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arf. Intemty of UgJu, shadCf and colour. (Sm 
the Anaiyais, page 162.) 

It baa already been e^^plaioed that light, like 
every other infiueDce radiating from a centre, be- 
4:oine$ rapidly weaker as the distance from the 
centre increases, being, for instance, only one 
fourth part as intense at double distance, and. in 
a correspondijig proportion for other distances; 
while it is still farther weakened by the obstacle of 
any transparent medium through which it pwses. 
Now the eye soon becomes sufficiently familiar 
with these truths to judge from them, with con- 
Biderable accuracy, of the comparative, distances of 
objects. 

^ The fine gothic pile of Westminster Abbey may 
break upon the view in some situation where 
nearer edifices,, ^nd perhaps some minor imitations 
of its beauties, already fill and dazzle the eye with 
their brightness, but the misty or less distinct out^ 
line of the former warn the approaching stranger 
of its true magnitude, and prepare him for the 
ei^oyment which a nearer inspection of iti& gran* 
deur aqd perfection is to afibrd. 

A small yacht OF pleasure*boat may be built 
from the same model or of the same comparative 
dimensions as a first rate vessel of war, and may 
\)t in view from the shore at the same time, only 
so much nearer than the ship, that both shall form 
images of the same magnitude on the retina of a 
spectator. In such a case, to an unpractised eye, 
it might be difficult to detect the difference, but to 
another, the bright lights of the little vessel, cbn- 
trasted with the softer or more misty appearance 
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6f the lar^r, would ieave no room for doubt. A 
haziness occurring in the atmosphere between the 
little vessel and the eye, might considerably dis^ 
tiirb the judgment. 

In a fleet of ships, if the sun's direct rays fall 
upon one here and there through openings amotrg 
the clouds, while the others remain in shade, the 
former immediately start in appearance towai'd* 
the spectator. Similarly, the mountains of an un- 
known coast, if the sun-shine fall upon them, ap^ 
pear comparatively near, but if clouds again inters 
vene, they recede and mock the awakened hope of 
the approaching mariner. 

A conflagration at night, however distant, ap- 
pears to spectatoi-s generally, as if very near, and 
inexperienced persons often run towards it with 
hope of arriving immediately, but And after miles 
travelled that they have made but a little part ci 
their way. 

A person ignorant of astronomy deems the hea^ 
venly bodies vastly nearer to the earth than they 
are, merely because of their being so bright or lu- 
minous. The evening star, for Instance, seen in a 
clear sky over some distant hill-tc^, appears as if a 
dweller on the hill might almost reach it— for the 
most intense artificial light that could be placed 
on the height would be dim in comparison with 
the beauteous star, yet to a dweller on the hill it 
appears just as distant as to one on the plain ; nay^ 
at thousands of miles nearer, the appearance would 
fifill be nearly the same. 

The concave of the starry heavens appears flat- 
'tiened above, or nearer to the earth in its zenith 
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than towards tte borizoo, because tiie ligbt froi»^ 
above having to pass through only the depth or 
thickness of the atmosphere, is little obstruotedr 
while of that which darts towards any place hori-r 
2ontally through hundreds of miles of dense vapour- 
loaded air, only a small part arrives. 

The sun and moon appear larger at rising and 
setting than when midway in heaven, partly, as 
already explained, because while below they can 
easily be compared with other objects, of which 
the size is known, but partly, also, because of their 
less light in the former situation, while their dia- 
meters are always the same. 

A log or mist is said to magnify objects seen 
through it. The truth is, that by reason of the 
diminished in|;ensity of light, it makes them ap- 
pear further distant without lessening the visual 
angles subtended by them } and because an ob- 
ject at two miles, subtending the same angle as an 
object at one mile, must be twice as large, the 
conclusion is drawn that the dim object is large. 
Thus a person in a fog may believe that he is ap- 
proaching a great tree, fifty yards distant, when 
the next step throws him into the bush which had 
deceived him. — Two friends meeting in a fog have 
often mutually mistaken each other for persons of 
much greater stature. — A row of foxglove flowers 
on a neighbouring bank has been mistaken for a 
company of scarlet-clad soldiers on the more dis- 
tant face of the hill. There are, for similar rea- 
sons, frequent misjudgings in late twilight and 
early dawn. — The purpose and effect of a thin 
gauze screen interposed between tlie spectators in 
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a theatre and some person or object meant to ap- 
pear distant, are intelligible on the same principle *.' 
a boy near, so screened, will appear to be a man 
at a distance. — The art of the painter uses sombre 
colours when his object is to produce in his pic- 
ture the effect of distance. -^On the alarming oc- 
casion of a very dense fog coming on at sea, where 
the ships of a fleet are near to each other, without 
wind, and where there is considerable swell or 
rolling of the sea, much damage is often done, 
but it is to be remarked in such a case that the size 
of ships approaching to the shock is always in idea 
exaggerated. 

The celebrated Spectre of the Brocken^ among 
the Hartz Mountains, is a good illustration of our 
present subject. On a certain ridge, just at isun- 
rise, a gigantic figure of a man had often been 
observed walking, and extraordinary stories were 
related of it. About the year 1800 a French phi- 
losopher went with a friend to watch the pheno- 
menon ; but for many mornings they had paraded 
on an opposite ridge in vain. At last, however, 
they discovered the monster, but he was^ not 
alone ; he had a companion, and singularly he and 
his companion aped all the motions and attitudes 
of the observer and his companion : in fact, the 
spectres were merely shadows of the observers, 
forpaed by the horizontal rays of the rising suq 
felling on the morning fog which hovered over the 
valley beyond ; but because the shadows were very 
faint, they were deemed distant^ and therefore 
seemed men walking on the opposite ridge, and 
because a comparatively small figure seen near, 
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but supposed distant, appears of gigantic dimen« 
fdons, these shadows -were acconnted giants* 

While under common circumstances the cooi-i 
parative intensities of light furnish an indicatian 
of difference of distance, there are other cases of 
comparative intensity, in which bodies are to be 
considered not as wholes, but as made up of parts 
unequally exposed to the source of light, and 
therefore reflecting it to the eye, or being iUu* 
minated in different degrees. In observing^ for 
instance, a white house exposed to the sun, it is 
seen that the side directly receiving the rays is 
highly illuminated or bright, while the other sidef 
are less so, and are said to be in the shade: and. 
they arelumiiious in proportion to. other sources 
of reflected light near them. The different faces 
or walls of such a bouse are as strongly di^tin^ 
guished frcmi each other, by the mere chffer:ence 
of shade, as if they were of different colours. If 
the olgeot werea ball instead of a square house* 
there would still be as great differences of shade 
in the half not receiving direct rays, but the 
parts» instead of forming abrupt contrasts like the 
walls of a house, would melt into each other and 
nark the beautiful round contour of the object. 
The, consideration of all such cases forms the 
subject of chiaro-oscuro, so interesting, to the 
painter. 

Had there not been in nature the provision of 
Hght and shade now described, the sense of sight 
would have been of comparatively little use, for it 
is that provision chiefly which enables us to dis- 
tinguish the profile or outlines pf different bodies 
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placed near to each other, and the protuberant or 
other form of the surfaces next the observer. Bu( 
for this, it would have been impossible to distin- 
guish, for instance, between a flat circle, a sphere, 
and a cone, all directly exposed to the eye ; but» 
in reality, the uniformly bright surface of the 
drcle, the soft rounded shadowing of the sphere, 
and the shade coming to a point on the cone, at 
once declare the true forms. But for the shadows^ 
the facade of a white palace of varied architecture 
would have been an unmeaning sheet of light ; 
the lights, however, and shadows produced by the 
juttings and recesses, mark the variety of surface 
most completely ; and the round pillar is distin^ 
guished from the square, and every pediment, and 
capital, and architectural ornament, stands out 
pleasingly conspicuous. But fQr light and shades 
again, the human face divine would have been 
an unmeaning patch of flesh, for there are fern 
other lines in it than those made by different ex- 
posures to the light, and yet every prominence 
and depression are so truly indicated to the ' eye 
that it becomes full .of meaning or expression. 
How clearly mere light and shade serve to convey 
all that the eye can learn of a scene or object, 
*nay be perceived by examining any of the ad- 
mirable engravings which now abound — scarcely 
inferior in expression to the most finished paint- 
ings. 

' The student of painting soon learns that the 
'lines called outlines, by which he first sketches 
subjects, do not exist at all in nature, and have to 
be again effaced in his finished work: for they 
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only mark the place where lights and shades bap- 
pen to meet. Much may be conveyed to the 
mind however by a mere outline; and particularly 
if lines of different breadth or thickness are used 
to mark the situation of the lighter and deeper 
shadows. 

The subject of chiaro»oscuro is not so simple 
as, from the fact of the sun being the great source 
of light, might at first be supposed ; for although 
this be true, still every body which reflects the 
sun's light becomes a new source to those about 
it, and the shading of a picture must have refe- 
rence to all such sources, and (o. the colours of 
the body itself, and of the neighbouring bodies. 

In looking at an extended landscape, it is seen 
that the near objects considered as wholes, are 
comparatively bright, that their shadows are 
strongly marked, and that their peculiar colours 
are every where easily distinguishable — as of 
flowers, fruit, foliage, &c., but farther off the 
colours become dim, the lights and shadows melt 
into each other or are confused, and the illumina- 
tion altogether becomes so. faint that the eye at 
last' sees only an extent of distant blue mountain 
or plain ~ appearing blueish because the trans- 
parent air through which the light must pass has a 
blue tinge, and because the quantity of light ar- 
riving through the great extent of air is insuffi- 
cient to exhibit the detail. The ridge called Bliie 
Mountains in Australia, and another of the same 
name in America, and many others elsewhere, are 
not really blue^ for they possess all the diversity 
of scenery which the finest climates can give, but 
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to the discoverer's eye» bent on them from a dis 
tance, they all at first appeared blue, and they, 
have ever since retained the name. 

In a picture by an artist, who on his canvas 
stretched pn a frame disposes the lights^ shades, 
and colours in the very situations and with the 
intensities which on comingfrom the landscape to. 
the eyes, through a plate of glass filling up the 
frame, they would have had, all that we have now. 
been saying is strictly exemplified. In the fore- 
ground the objects are large and bright, but as the 
scene is supposed to be gradually more remote,: 
the size and brightness of the objects correspond-: 
ingly diminish, until at last there is only a dim 
mixture of blueish or greyish masses forming the 
horizon and sky. 

A child, during what may be called the educa- 
tion of the sense of sight, has a strong perception 
of the vast differences of appearance which things 
assume according to their accidental distance from 
the eye, their position, their exposure to light, 
&c. ; for these differences, being often calculated 
to deceive the young judgjnent, many of them 
have been noted with surprise. Thus a boy when 
he first discovers that a ship which at the quay, 
with sails spread, concealed from him half the 
heavens, is in an hour or two afterwards seen by 
him on the distant horizon as a speck hardly big 
enough to hide one star ; — or again, when he dis- 
covers that the faint blue unchanging jnass which 
he had always observed bounding in one directian 
the view from the home of his infancy, is a dis- 
tant mountain-side thickly inhabited, and covered 
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with fields and gardens, where in succession all 
the bright colours of the different seasons predo- 
minate — his attention is strongly awakened, add 
he feels surprise. But as soon as experience has 
enabled him to interpret readily and correctly the 
visual signs under every variety of circumstance, 
his attention passes so instantly from them to the 
realities which alone are interesting to him — -just 
as it might pass from the paper and printing of a 
newspaper to the important intelligence commu^ 
nicated by them, that he very soon ceases to be 
aware that the sign, which in every case similarly 
suggests the object, is not also in every case simitar 
to itself, and the very same true and complete re- 
presentation of the reality. The prejudice that 
the sign is of this nature, becomes quickly so 
strong, that even a difficult effort has to be made 
by a grown person again to attend to the mere 
appearances^ in any scene of which the realities are 
known. 

. This attempt to analyze the appearances, 
and which in one sense is a trying to unlearn 
something, or to retrograde, is called the study of 
perspective-^BXid when it regards the apparent re- 
duction of size, and the foreshortening of bodied 
under various circumstances, it is called linear 
perspective ; when it regards the fading of light 
and the modifying of colour, it is called aerial 
perspective. As the art of painting depends en- 
tirely upon the understanding of these two de- 
partments, the gradual progress which it has made 
in different countries is a measure of the degree 
in which tiie common prejudice that things appear 
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as they are has in them been overcome. Where 
this prejudice exists, any untaught person con- 
€eives a good painting to be merely a miniature 
representation drawn according to a certain rer 
duced scale,— as of an inch to a yard, — and in 
which all the dimensions of things are to be mea- 
sured as simply as in the reality — while the colours 
as to vividness, &c. should perfectly agree in both. 
This statement is remarkably illustrated by the 
fact, that children in their rude attempts to paint 
always aim at realizing the notion of the art given 
above, and that such has been the first stage of 
painting in every country. In Europe now, owing 
to the labours of men of genius, art in painting 
may be said almost to rival nature, producing 
scenes as lovely as the finest of nature's scenes, 
and scarcely distinguishable from them, but in 
other countries, as in China and India^^ among 
the native artists, the first stage of the art is still 
in existence. In a Chinese picture, owing to the 
absence of perspective proportions, an extensive 
subject is only a collection of portraits of men and 
things drawn on the same scale, and placed near 
one^another, and where all the colours are as vi- 
vidly ^hewn as if the objects were only a few feet 
from the eye : there the %ures at the bottom or 
foreground are supposed to represent the objects 
nearest to the spectator, while the figures higher 
up are supposed to be of more remote objects, 
all appearing as they might be seen in succession 
by a person who had the power of flying over the 
country. This kind of picture or representation, 
although not natural if all viewed at once, may 
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communicate more information than a single com- 
mon painting, for it is equivalent to many suclu 
In Europe, and lately, the principle has been use-^ 
fully acted upon for certain purposes, as for re- 
presenting on one long sheet or on a succession of 
sheets connected in a suitable manner, the banks 
of a river or a line of road. The banks of the 
Rhine particularly have thus been admirably pour<- 
trayed, so that the spectator directing his eye along 
the paper, feels almost as if carried in a balloon to 
view in great detail the whole of the real and en* 
chanting scenery. The principle might perhaps 
with advantage be acted upon still more exten- 
sively — ^for instance, to produce, instead of com* 
mon maps or charts of countries, true bird's-eye 
views, over which the eye moving from place to 
place, at every new point of sight, would see a 
certain portion of the country just a» a bird or 
aeronaut would, the sketch being supposed to be 
taken frpm that certain elevation deemed most 
suitable for the ends in view. 

3d. Divergence of the rays of light. 

This is the next circumstance to be mentioned 
by which the eye judges of distance. Supposing 
the line E F to mark the place or breadth of the 
pupil of the eye, the light entering from an 

object at a 
which is near^ 
is very diver- 
g:ent, or is 
spreading with a large angle ; from b the extreme 
rays are less divergent, or they open at a smaller 
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angle ; from c they are less divergent dtill, and so 
on. Now the eye to form an image on its retina 
requires to exert a bending power exactly pro- 
portioned to the. divergence of the rays ; and it 
appears to have a sense of the effort made, which 
becomes to the person a kind of measure of the 
distance of the object. This great divergence of 
the rays entering the eye, is the chief circumstance 
in which the most perfect painting niust still differ 
in its effect upon the eye from a natural scene—- 
for while in nature every object according to its 
distance is sending rays which reach the eye with 
different divergence, and which therefore can pro* 
duce distinct images on the retina at any on^ time 
only of the objects which are at due distance fromr 
it, the rays from a picture which is a single plane 
surface, come from every part .with the same di- 
vergence, and the eye must feel a disappointment 
in not having to accommodate its power of bend- 
ing to the different distances attempted to be pour« 
trayed on the canvas. It might be expected that 
this kind of disappointment would be more felt on 
looking at a common picture placed a few feet 
from the eye, than at the sort of picture called 
panorama, which is on a larger scale and propor- 
tionately more distant, but such is not the case ; 
and the reason seems to be, that in the former the 
illusion is not intended to be complete, the fact 
of its being but a picture not being at all con- 
cealed, and the eye is therefore at once told to 
expect a difference of feeling;— but in the pano- 
rama, the whole circumstances are arranged to de- 
ceive the eye entirely, if possible, and to make it 
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believe that the images on the retina are formed 
by light from the objects themselves ; then to the 
eye really deceived in all other particulars, the 
non-accordance with nature in this one is strongly, 
and by some persons even painfully felt, so as on 
thdr first entering the phce to cause them head- 
ach or giddiness. — ^The illusion, and consequently 
the pleasure from viewing any picture, may be 
made more complete by the spectator using lenses 
or spectacles, such that the focal distance shall be 
equal to the distance of the painting from the 
eye; because such lenses, as was formerly ex- 
plained, would render all the rays entering the eye 
nearly parallel, and therefore very nearly such as 
would arrive from objects at any considerable dis- 
tance. 

4M. CoTWergence of the axes of the eyes. 

This is the last circumstance to be mentioned, 
by which a person, through the eye, judges of the 
distance of objects. In consequence of there be- 
ing in the two eyes corresponding parts which 
must be similarly affected by any object, that the 
person may have single vision of it— as was ex- 
plained in a former page, the axes of both eyes 
must point to the object, and if it happen to be 
very near, they will meet and cross each other so 
near the face as to produce the appearance of 
squinting,— >seen when a person tries to look at the 
point of his nose — ^but if the object be more 
distant, the obliquity will be less, until at last the 
^es directed to a thing at a very great distance, 
will have their axes almost parallel. The last 
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figure may serve also to explain this sutgect Sup^ 
posing £ and F to mark the places of the two eyes, 
if the object looked at be near them, as at a, they 
must be very much turned inwards, that their axes 
may meet; if it be at .^^ they will be less turned^ 
if at c less still, and so forth. 

When the eyes are not directed to any thing in 
particular, the axes generally become parallel, or. 
as if they were pointed to a very distant object:, 
and because this happens generally when person^ 
are reflecting on things which are. absent, and seeti 
only by the mind's eye, it is: an expression of 
countenance held; to mark contemplation or 
thoughtfulness. 

The direction of the visual axes is, a particular 
like the divergence of light, as to which a mere 
picture can never produce upon the eye precisely 
the effect of the objects themselves. To., see 21 
picture, the axes must meet at a few feet from th^ 
eye ; while to see the objects of nature, they often 
do not meet jnearer than at miles. By a glass, 
however, as will be explained a little further on, 
it is possible to corriect also this defect, and to 
render an optical illusion, as regards still objects, 
absolutely complete. 

WJien a picture haiB to represent objects sup- 
posed far from the eye, the farther the picture 
itself is placed from the eye, supposing the figures 
to be made proportionately large, the more nearly 
perfect will the illusion become, because the di- 
vergence of rays and convergence of the axes (the 
two circumstances in which the effect on the eye 
of M mere picture must always differ from that of 

T 
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a real scene) will be in proportion more nearlj 
natural. This explains in part why the picture 
called panorama (from Greek words^ signifying 
2i vieoL^ o( aU) is an exhibition so charming; for 
usually the painting is far removed from the eye, 
and is drawn on a proportionately large scale, and 
the eyes feel that the light comes from a consider- 
able distance, and that their axes do not need to 
converge very.much ; and when, in such a case, the 
first impression of the want of perfect conformity 
has passed away, the illusion becomes nearly com- 
plete. But a not less important peculiarity in the 
panorama is^ that instead of being a painting on a 
plane surface like common pictures^ and embrac- 
ing only a small part of the field of view, it is on 
a surface which entirely surrounds the spectator, 
and on which all the objects visible in every di- 
rection from the supposed place, are seen in the 
very situations which in nature they hold ; and the 
spectator ia enabled to conceive much more dis- 
tinctly of each particular by seeing it in relation 
to others around^ Few persons can forget the 
impression made on them by the first panorama 
which they may have seen ^ and with increased 
maturity of judgment, still more and stronger 
reasons are discovered for admiring this miraculous 
mode of instantly transporting persons to any dis- , 
tance, beyond seas and other dangers, to contem- 
plate at their ease the most interesting scenes q£ 
nature, represented under the most favourable cir- 
cumstances of light, season, weather, &c. Hence 
few persons of good taste neglect the opportunity 
now, in most great towns so frequently offered, of 
obtaining at so little cost so high a gratification. 
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To correct the slight remaining optical defects 
of a common panorama, a large lens may be used, 
of which the focal distance is the distance of the 
picture from the eye. This has the effect of con- 
verting the divergence of the rays of light into 
the parallelism which belongs to the supposed re- 
moteness of the objects, and it also bends the 
light so that the axes of the eyes become parallel. 
The author has found a convenient mode of using 
the lens for such a purpose to be to cut out two 
round pieces from opposite sides of it, and to form 
them into a pair of spectacles : — from one lens 
three pairs may be formed. Panorama exhibiters 
should always keep such lenses or spectacles for 
the use of visitors. 

The effect of the magnitude and distance of the 
ordinary large panoramic views might be had with 
the assistance of proper glasses, from even the 
smallest picture or engraving embracing the same 
field ; and it is remarkable that some enterprizing 
person has not undertaken to publish a series of 
interest^ing views fitted to be used in that way. A 
common panorama occupying a circular wall of 
150 feet circumference and twenty feet high, 
might be reduced, still retaining the same truth of 
proportions, to appear on a sheet of paper five 
feet long and eight inches high or broad — or on a 
common sheet of paper, which might afterwards 
be cut into three stripes to be joined endways ; and 
if this paper were set up in a suitable frame, like a 
wall round the head of a spectator, while its edges 
were concealed by drapery or otherwise, and the 
eye could only view it through fit glasses placed 
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in its cehtre and made to turn round so as to com- 
mand the whole, it could not by an ordinary spec- 
tator be distinguished from the large panorahiai 
With the art of lithography, now so well adapted 
to producing soft representations of scenery, the 
expense of such vie^s might be very moderate, 
allowing them to form a common part of library 
furniture. When we reflect upon the expansion 
of mind obtained by travelling, and that not a few 
of the advantages would follow a familiarity with 
a good selection of panoramic views, it is kiot 
perhaps too much to suppose that courses of in- 
struction on geography, history, &c. may before 
long be illustrated by this most interesting mode 
of aiding the conception and memory. 

Common paintings and prints may be considered 
as parts of a panoramic representation, shewing as 
much of that general field of view which always 
surrounds a spectator, as can be seen by the eye 
turned in one direction, and looking through a 
window or other opening. The pleasure from 
contemplating these is much increased by using a 
lens or such spectacles as above described. There 
is such a lens fitted up in the shops, with the title 
ot* optical pillar machine J or diagonal mirror^ and the 
print to be viewed is laid upon a table. beyond the 
stand of the liens, and its reflexion in a mirror sup- 
ported diagonally over it, is view- 
ed through the lens. The illusion 
is rendered more complete in such 
a case by having a box, as a b^ to 
receive the painting on its bottom, 
and where thie lens and mirrojr. 
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fixed in a smaller box above at a, are made 
to tilde up and down in their place to allow of 
r.eadily adjusting the focal distance. This box 
used in a reverse way becomes a perfect camera 
obscura. The common shew-stalls seen in the streets 
are boxes made somewhat on this principle, but 
without the mirror ; and although the drawings or 
prints in them, are generally very coarse, they are 
not uninteresting. To children whose eyes are not 
yet very critical, some of these shew-boxes afford 
an exceeding great treat. 

A still more perfect contrivance of the same 
kind has-been exhibited for some time in London 
and Paris under the title of Cosmorama (from 
Greek 'words signifying vie'ws of the worlds because 
of the great variety of views). Pictures of mo- 
derate si^e are placed beyond what have the ap- 
pearance of common windows, but of which the 
panes are really large convex lenses fitted to cor- 
rect the errors of appearance which the nearness 
of the pictures would else produce. Then by far- 
ther using various subordinate contrivances, cal- 
culated to aid and heighten the effects, even 
shrewd judges h^ye been led to suppose the small 
pictures behind the glasses to be very large pic- 
tures, while all others have let their eyes dwell 
upon them with admiration, as magical realizations 
of the natural scenes and objects. Because this 
contrivance is cheap and simple, many persons 
affect to despise it ; but they do not thereby shew 
their wisdom : for to have^ made so perfect a re- 
presentation of obj6ctSt is one of the most sublime 
triumphs of art, whether we regard the pictures 



278 LIGHT. 

drawn in such true perspective and colouringi or 
the lenses which assist the eye in examining them. 

It 'has already been stated, that the effect of 
such glasses in looking at near pictures, is obtain- 
able in a considerable degree without a glass, by 
making the pictures very large and placing them 
at a corresponding distance. The rule of propor- 
tion in such a case is, that a picture of one foot 
square at one foot distance from the eye, appears 
as large as a picture of 60 feet square at 60 feet 
distance. The exhibition called the Diorama is 
merely a large painting prepared in accordance 
with the principle now explained. In principle it 
has no advantage over the cosmorama or the shew- 
box, to compensate for the great expense incurred^ 
but that many persons may stand before it at a 
time, all very near the true point of ^ight, and 
deriving the pleasure of sympathy in their admi- 
ration of it, while no slight motion of a spectator 
can make the eye lose its point of view. 

A round building of prodigious magnitude has 
lately been erected in the Regent's Park in Lon- 
don, on the walls of which is painted a represen- 
tation of London and the country around, as seen 
from the cross on the top of St Paul-s Cathedral 
The scene taken altogether is unquestionably one 
of the most extraordinary which the whole .world 
affords, and this representation combines the ad- 
vantages of the circular view of the panorama, 
the size and distance of the great diorama, and of 
the details being so minutely painted, that distant 
objects may be examined by a telescope or opera* 
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From what has now been said, it may be under- 
stood, that for, the purpose of representing still- 
nature, or mere momentary states of objects in 
motion, a picture truly drawn, truly coloured, and 
which is either very large to correct the diver- 
gence of light and convergence of visual axes, or 
if small, is viewed through a glass, would. affect 
the retina exactly as the realities^ But the de- 
nderatum still remained of being able to paint 
motion. Now this too has been recently accom- 
plished, and in many cases with singular felicity, 
by making the picture transparent, and throwing 
lights and shadows upon it from behind. In the 
exhibitions of the diorama and cosmorama there 
have been represented with admirable truth and 
beauty such phenomena as— the sun-beams occa- 
sionally interrupted by passing clouds, and occa- 
sionally darting through the windows of a cathe- 
dral and illuminating the objects in its venerable 
interior — the rising and disappearing of mist over 
a beautiful landscape, — running water, as for 
instance, the cascades among the sublime pre- 
cipices of Mount St Gothard in Switzerland ;— 
and, most surprising of all, a fire or conflagration. 
In the cosmorama of Regent Street, the great fire 
of Edinburgh was admirably represented : — ^first, 
that fine city was seen sleeping in darkness while 
the fire began, then the conflagration grew and 
lighted up the sky, and soon at short intervals, as 
the wind increased, or as roofs fell in, there were 
bursts of flame towering to heaven, and vividly 
reflected from every wall or spire which caught 
the- direct light— then the clouds of smpke were 
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seen rising in xapid successimi and MBiling nbrth- 
ward upon the wind, until they disappeared in tbd 
womb of distant darkness. No one can have 
viewed that appalling scene with tndifferenci^ and 
the impression left by the representation, on those 
who knew the city, can scarcely have been weaker 
than that left on those who saw the reality. The 
mechanism for producing such effects is very 
simple J but spectators, that they may fully enjoy 
them, need not particularly inquire about it; 

It is remarkable, wl>en the imagination is once 
excited by some beautiful or striking view, how 
readily any visual hint produces clear and strong 
impressions. One day in the cosmorama, a school- 
boy visitor exclaimed with fearful delight that 
he saw a monstrous tiger coming from its deri 
among the rocks; — it was a kitten belonging to 
the attendant, which by accident had strayed 
among. the paintings. And another young spec*, 
tator was beard calling that he saiv a horse gallop- 
ing up the mountain side;*^it waa a minute Qy 
crawling slowly along the canvas. Therd is ib 
this department a very .fine field yet open to the 
e&evdm of ingenuity, for tlie eontempiafion of 
pictures f representing motion or progre^ive eVentis, 
may be made the occasion of mental exbibment 
^e most varied and intense, for instance, there 
are few scenes on /^rtip calculated to awaken mt^te 
interesting reflections on the condition of hmnan 
nature than that beheld by a person who sails 
along the river Thames from London to the-se^, 
a distance of about six t)*^ miles, thmiigh the win- 
ders which on every side there crowd on tlie 
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sight— the forest of ships frorti all parts of the 
world— the glorious monuments of industry, of 
philanthropy, of science — ^the marks of the riches, 
the high civilization, and the happiness of the 
people. Now this scene was last year in one of 
our theatres strikingly pourtrayed by what was 
called a moving panorama of the southern bank of 
the Thames. It was a very long painting, of 
which a part only was seen at a time gliding slowly 
across the stage, and the impression made on the 
spectators was, that of their viewing the realities 
while sailing down the river in a steam boat. In 
the same manner the whole coast of Britain might 
be most interestingly represented — or any other 
coast, or any line of road, or even a- line of balloon 
flight. There was another moving panorama ex- 
hibited about the same time at Spring Gardens, 
aiming at an object of still greater difficulty, viz. 
to depict a course of human life ; and the history 
chosen was that of the latter part of Buonaparte's 
career. Scenes representing the principal events 
were, in succession, and apparently on the same 
canvas, made to glide across the field of view, ^o 
designed that the re&l motion of the picture, gave 
to the spectator the feeling of the events being 
only then in progress, and with the accompani- 
ments of clear narration and suitable music, they 
produced on those who viewed them the most 
complete illusion. The story began with the blow 
struck at Buonaparte's ambition in the biattle of 
Trafalgar, and to mark how completely, by repre- 
sentation^ of various moments and situations of 
the battle, the spectators were in imagination 
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made present to iU the author of this work may 
mention, that on the occasion of his visiting 
the exhibition, a young man seeing a party of 
British preparing to board an enemy's ship, started 
from his seat with a hurray and seemed quite sur* 
prised when he found that he was not really in the 
battle. To the first views there succeeded many 
others, similarly introduced and explained, in each 
of which the hero himself appeared : there were, 
his defeat at Waterioo— his subsequent flight — bis 
delivery of himself to the British Admiral — his 
appearing at the gangway of the Bellerophon to 
thousands of spectators waiting in boats around 
while he was in Plymouth Harbour, previous to 
his departure for ever from the sliores of Europe 
— his house and habits during his exile, with va- 
rious views of St. Helena ;-^-and last of all, that so-^ 
lemn procession, in which the bier with his lifeless 
corpse appeared moving slowly on its way to the 
grave under the willow^tree. The exhibition now 
spoken of might have been made much better in 
all respects, yet in its mediocrity it served to prove 
how admirably adapted such unions of painting, 
music, and narration, or poetry, are to affect the 
mind, and therefore to become the means of con- 
veying most impressive lessons of historical fact 
and moral principle. 

Painting, whether employed to pourtray scenes 
of entirely still nature, or scenes involving some 
kind of motion as above described, has still as its 
great aim or end merdy to represent interesting 
subjects, and to give to the spectator as much as 
possible the dear conception of them, which is 
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obtained by ocular examination of realities* 
Fainting thus, as a system of visual signs of 
thought, becomes like language, which is a sys- 
tem of audible signs, a means of expanding the - 
boundaries of individual human existence into 
wider space and time, and thus of ennobling hu- 
man nature. While it pourtrays only strict mat- 
ters of fact, whether of past or present time, as 
particular human individuals, objects of natural 
history, the beautiful and magnificent scenes of 
nature, interesting events which the artist had th^ 
means of faithfully representing, &c., it may be 
called truly historical painting, embodying the ma- 
terials of true history, both natural and civil, and 
then is of singular value. But even when applied 
to other purposes, it may still be fraught with de- 
light ; and just as language, of which the grand 
object or use is to express strict truths, has still 
been admirably employed in giving a permanent 
existence to a variety of fictions, from the wildest 
fables and rhapsodies to the historical plays and 
novels of modern times, as those of Shakespeare 
and of Scott — which plays and novels, although 
not furnishing true portraits of individual human 
nature, are yet most correct portraits of general 
human nature — so may painting be employed in 
embodying fictions adapted to its peculiar powers, 
and so as to prove the artist endowed with the 
highest degree of human genius* It should 
always be recollected, however, that what is usu- 
ally dignified with the name of historical painting, 
really bears to historical tiTith only the kind of re« 
lation which novels and plays bear to it, and often 
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approaches much less nearly to the truth: for it 
pretends to relate a thousand minute circum^ 
stances which no history has preserved, and which 
therefore only the imagination o£ the artist can 
supply. Tfaos when a painter, knowing that luu-^ 
eretia stabbed herself in the presence of her father 
and others, after the crime of Tarquin, exhibita a 
woman dying, and a certain number of persons 
arouh(i her in horror and astonishment, he no 
moi^ represents the real Lucretia and her friends 
than he represents any other particular young wo-, 
man and her friends ; for he is quite assured that 
not one of the figufes in such a picture is a por- 
trait of the individual whose name it bears : his 
picture therefore in so far is an untruth or fiction, 
while it very probably shares the additiooal errors 
and even absurdities so common among historical 
painters^^errors, for instance, in respect of national 
usage in costume, religion, manners, &c., and in 
Inspect to general appearance, as when a Reubens 
wishing 40 represent Sabine or other ladies, gave 
them the degree of corpulency deemed comely 
in biiB own country, although it notably contrasted 
with the true forms df Italian or Grecian nymphs. 
From all this it appears that historical pictures 
may often be regarded as portraitures, not of the 
realities, but of comedians acting scenes in historical 
plays intended to represent the realities. 

In dealing with the events of ordinary history, 
there is no strong reason why artists may not 
please themselves and their spectators as we have, 
now been describing ; but it may admit of doubt 
whether similar liberties should be allowed with 
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respect to religion* Yet any painting of the last 
supper^ for instance, or of the ascension^ is not 
likely to be more true than a theatrical represen* 
totion. To judge of the nature of such a picture we 
have only to suppose any of the events recorded in 
the New Testament to be represented by a painter 
in China with the countenances such as are seen on 
Chinese tea-boxes ; such a representation would 
appear in Europe revoltingly absurd ; but the 
common practice here is only a degree better ; as 
twenty painters undertaking to treat the same 
subject, will put different persons into all the sir 
tuations. Then it can produce no pleasing im- 
pression on a Christian's mind to be told, that an 
admired painting of the crucifixion wa^ made 
chiefly from the body of an executed murderer ; 
or that for a praijed representation of the trium- 
phal entry into Jerusalem, the painter had deemed 
his own physiognomy the most befitting for the 
principal figure, while he copied the portrait of a 
noted modern sceptic as a specimen of the bad 
men, of an equally noted believer as a specimen 
of the good, while wrfe, cousins^ acquaintances^ 
and old clothes-men, served to make up the remaiur 
ing groups. With the knowledge that such things 
have often been, it need not surpHse that many 
persons of correct feeling turn with horror from 
all these mimicries and falsehoods, to seek their 
idea of God and his providence in tb6 sublime 
descriptions of his attributes, which written lan- 
guage conveys, and which all creation, in a mute 
language scarcely less impressive, so strongly con- 
firms. When men generally could not read, and as 
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a mass were extremely ignorant^ various means of 
fixing their attention upon religious subjects might 
be useful, and therefore proper, as sacred plays, 
certain processions, pictures, &c., which have now in 
many countries ceased to be either; but a person 
of good sense will continue to regard with a certain 
respect whatever at any time may have contributed 
to reclaim portions of mankind from barbarism 
and wickedness to the just appreciation of the 
divine charities of a pure religion. 

There are in painting other classes of fictions, 
which pretend to nothing beyond fiction, and 
which are yet truly admirable : such are personifi- 
cations of the virtues and vices, serving to recom- 
mend the practice of the former, and to deter 
from that of the latter; — almost a.11 Hogarth's 
works are of this character, and evince the high- 
est mental acumen and genius : — then may be 
mentioned the personifications of what have been 
called the elements and powers of nature, includ- 
ing many of the personages of the Heathen my- 
thology — ^then other generalisations of the cha- 
racteristics of human or other nature, as scenes of 
domestic affection, of the play of the passions, 
&c. &c. ; and because many subjects when so 
sketched, are intelligible to the eye with the sud- 
denness of lightning, where longest verbal descrip- 
tion would convey the idea but imperfectly, the 
art of painting in regard to them possesses a truly 
magical and inestimable power. 

As painting, whether engaged in representing 
matters of fact or of fictiofi, can accomplish its 
ends only through the arts of drawing or linear 
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perspective, and of shading and colouring, or 
aerial perspective, these subjects require' to be 
studied by every artist with great attention ; but it 
is important for all to be aware that the greatest 
mastery over these, which are merely the mecha- 
nical parts of the art, will go a very short way 
towards producing good performances, unless 
there be present also the genius to select or to 
compose subjects worthy of being represented. 
The latter remark seems the more necessary, be- 
cause there is in human nature a disposition to 
value so much the means by which important ends 
are attained, that often the end itself is for- 
gotten in the contemplation of the means,«^while 
among painters, as among persons of other occu- 
pations, the talent for the inferior or more mecha- 
nical departments of the art, is more common than 
for the higher. It is hence that the subordinate 
accomplishments of the painter are by not a few, 
both artists and pretended connoisseurs, supposed 
to be the principal. But this is evidently to value 
the dress or clothing, instead of the person, as 
might be observed of the criticism of a mere tailor 
or dress-maker on a courtly assembly of individuals 
distinguished by rank and talent. The same very 
common error, arising from the weakness or short- 
sightedness of ordinary human nature, of confound- 
ing means with ends, is strikingly exemplified in the 
case of the person, who perceiving that money 
will procure all desirable things, at last becomes 
the insane miser, and dies from want of the com- 
mon necressaries of life rather than touch his 
hoarded treasures :^t is seen also in the case of 



288 LIGHT. 

the mere pedagogue, who values the abstractions 
of language or grammar and of mathematics more 
than the useful knowledge which they may serve 
to convey ; or, lastly, still more suitably for our 
purpose, in the case of the bibliomaniac, who re- 
gards the type and binding of his books more than 
the subject. To prove how unessential what is 
called high-*iintshlngin paintings is to the complete 
obtainment of the purposes of the art, we have 
the cartoons of the immortal Raphael, which to 
the mere mechanic appear almost ,to be daubs : 
and many of the mere sketches. of gienius are to 
a. true taste more precious than some of the most 
finished pieces in our galleries. Again,, of what con* 
sequence is it to a man whether he see approaching 
the friend of his heart by daylight or candlelight, 
or with the source of light above or below, &C., 
provided there is light enough for. him to distin- 
guish clearly tlie friend of his heart -^ A. painter 
will discover the difficulties which a brother artist 
had to surmount in representing an object in some 
particular predicament, as regards the light, &c5.^ 
and may estimate the talent accordingly; but the 
great mass, even of the most accompiisbed or* 
dioary spectators, will generally be looking beyond 
tiie sign to the thing signified ; and perhaps. few 
will at all heed the difficulties. In consequence of 
the prejudice in favour of ^* a sweet or adorable; bit 
of colouring,'' as it will sometimes be called, and 
which in truth may have the merit of most natural 
colouring, there are preserved in many galleries 
pictures disgusting in almost all other respects,— as 
of drunken Dutch boors, with fiery noses and phy- 
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siognotnies degrading to human nature, &c. &c. ; 
on seeing which the man of taste deplores that the 
art of representing should be prostituted to the vile 
purpose of representing things of worse than no 
interest, aiid that its nobler objects should be so 
often forgotten. 

** fVhen the image formed^ as above described^ be- 
yond a lens^ is 'viewed in the air hy an eye ^placed 
still farther beyond in the same direction^ the ar- 
rangement^ according to minor circumstances^ con- 
stitutes either the common telescope or micbos- 
cof»E." (Read the whole second paragraph of 
the Analysis, page 162.) 

The name of telescope (a compound Greek term, 
signifying to see far ^ as microscope signifies to see 
what is smaU\ applies to that wondrous instrument 
of modern invention by which the intelligent soul 
on the beams of light as its path, is enabled 
as it were, to dart widely into space for the 
purpose of contemplating the distant glories of 
creation; or, again, by. which distant objects 
are instantly brought near to the eye for the 
purpose of convenient inspection. In ancient 
times, a man, while looking with admiration on the 
bright face of the moon, might have exclaimed, 
** Would that I had the power to fly upwards to 
that celestial orb, the better to understand its na- 
ture and beauties ;*' but he could little have 
dreamed that the day was coming when human 
ingenuity would in effect achieve the wish : — now 
by the telescope it is atchievied, for an instrument 
which merely doubles apparent magnitudes, shews 

u 
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the moon exactly as she would appear to a person 
who had ascended towards her from the earth a 
distance of 120,000 miles, while one of greater 
power produces effects correspondingly great. But 
to examine the heavenly bodies is by no meatis the 
only use of the telescope, man being often more 
concerned to discover what is passing on the sur- 
face of the earth around him. Thus by a telescope, 
the military chief descries approaching friends or 
foes, while yet concealed from others and from the 
naked eye, in the blue mist of distant mountain 
or plain— or similarly, the sailor, whose attention 
has been attracted to a little speck on the sea- 
horizon, discovers there a ship of class and nation 
at once evident to him, and with the crew of 
which, by the additional use of signal flags, he is 
enabled readily to converse : — at midnight a teles- 
cope directed to a distant cathedral, will so effec- 
tually call it into the presence of the observer, 
.that on the clock-turret may be read from the slow 
moving hands the unceasing lapse of time. A 
man, in the midst of a wide plain, or on a lofty 
hilUtop, or far on the face of a lake, nay, even 
in his own garden, or in his house near some open 
window, who might suppose himself quite alone 
and unseen, would yet by a telescope be instantly 
placed under the observation of whoever chose to 
watch him. Some remarkable cases of actions, 
imagined by the parties to have been done in per* 
feet secrecy, have thus been brought to light. 

Now the telescope with its extraordinary powers 
exhibits but another modification of the simple 
case described at page 194*, and exemplified in 
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the camera obscura» &Cm of an image formed for 
visual inspection beyond a lens. And we shall 
here explain tliat its powers depend altogether on 
the two circumstances, first, of its large lens col« 
lecting for the formation of the image (subse- 
quently transferred to the observ^er*s retina) a 
thousand or more times the quantity of light which 
the naked pupil could receive ; and, second, of its 
forming by this light an image, which to the eye 
brought near it appears vastly larger than the ob> 
ject itself appears. 

To understand this well, we must recall, that 
the nature of the bending of light in passing 
through a lens is such, that all the rays reaching 
the lens from any point of a visible object in front, 

and forming 
-2:::::::,:^i>^^^^ . what is call- 

^^^^^^^n 'z::^.--^:^^:^. ed a pencil 

V . of lights — ^as 

that spreading from the point A of the cross here 
represented to the lens L— are collected in a cor<- 
responding point, as a^ at the focal distance beyond 
the lens, and so as always to meet the central ray 
of the pencil ; and therefore when the light comes 
from above the centime of the lens, the focal meet- 
ing is below, as shewn here ; and when it comes 
from below, the meeting is above : then the same 
happening as regaids every visible point of the ob- 
ject (the rays from only the two extreme points A 
and Bare here represented) at corresponding points 
beyond the lens in the space between a and b^ the 
collected light, if received on a white screen 
placed there, as in the camera obscura, will make 

u 2 
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apparent to an eye in any direction a beautifol 
inverted image of the object Now in the place 
where the rays meet to form this image, if no 
screen be interposed, the rays are not lost or 
destroyed, but merely cross each other in the air 
nearly as they previously crossed, without inter- 
ference, in the lens, and spread again beyond the 
focal points, or towards c, as here shewn, as they 
originally spread from the several points of the 
object itself: an eye therefore placed any where 
beyond c, must receive portions of the pencils 
from every point of the image, and may see it in 
the air as an object situated in the focus of the 
lens. — This may be observed at once by holding a 
spectacle glass or any lens at proper distance be- 
tween an object and the eye. 

Now a telescope is merely a long tube, blacken- 
ed within to exclude and destroy useless light, 
and having a large lens called the object-glass^ 
filling one end of it as a window, to gather the 
light from the objects in front, and to form with 
it images near the other end of thetube, where 
they may be conveniently inspected. These images, 
for a purpose to be immediately explained, are 
examined through another lens called the ej/e- 
glasSf which is fixed in a smaller tube made to 
slide backwards and forwards in the larger, so as 
to admit of the focal distances being adjusted to 
the power of different eyes, &c. The accompany- 
ing sketch 
shews the 
progress of 
the light 
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from the object A, through the object glass L, to 
form an image at b a, and afterwards to be bemt 
by the eye-glass D, so as to enter the pupil of the 
eye at E, to form the last image on the retina. 

In the simple telescope with only two lenses, 
as above represented, called the astronomical teles- 
cope, the image is inverted : but this is a circum- 
stance of no importance in viewing the heavenly 
bodies ; to fit the instrument, however, for view- 
ing tei-restrial objects, it is necessary to place in 
the tube another simple or compound lens, which 
shall form a second image from the first, and by 
inverting a second time, shall produce an image 
really upright. 

To determine how much larger an object will 
appear when viewed through a certain telescope, 
for instance, one with an object glass of three feet 
focus, than when viewed by the naked eye, we 
must recollect that the image is formed in the 
focus of the object glass, or at b a, and subtends 
from the centre of that lens, as at c, the same 
yisual angle as the object itself (a fact explained 
at page 204), and to an eye placed there, would 
appear of the same size as the object ; but if the 
eye can be brought fifty times nearer to the image, 
this will appear fifty times taller and broader, and 
therefore with 2,500 times the surface, and thus, 
as compared with the object, may be called much 
magnified. Now as ,the naked eye cannot see 
distinctly an object nearer to it than at about six 
indhes, because of the great divergence of light 
from a nearer radiant point, the telescope in ques- 
tion, without an eye-glass, would allow the eye to 
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come only six times nearer to the image than when 
at the centre of the ofagect-glass, and would only 
magnify the diameter six times ; but if then an 
eye-glass, as D, of half an inch focus, were placed 
half an inch from the image, so as to render the 
rays of every pencil parallel, and therefore fitted 
to the powers of the eye, while the different par* 
eels would cross each other a little way beyond 
the glass, as shewn above, an eye placed to receive 
in its pupil the crossing parcels, would see the 
image as large as if at half an inch from it, and 
therefore 7^ times nearer than if viewed from the 
object-glass, and therefore again as of 7@ times 
greater diameter. Now, as in all cases, the image 
in a telescope is in the focus both of the object- 
glass and eye glass, and is therefore nearer to the 
latter than to the former in proportion as their 
focal distances differ, the magnifying power is 
measured by that difference — ^in the case at pre* 
sent supposed the difference is as 7^ to 1, and 7^ 
is the magnifying power of the telescope. The 
rule is generally thus expressed, *^ divide the focal 
distance of the object-glass by that of the eye- 
glass, and the quotient is the magnifying power.'* 
It is always to be remembered^ that if the diameter 
of an object be magnified ten times, the surface 
is magnified 100 times, and so in proportion for 
other numbers. 

With such means of aiding the sight, then, is it 
that we discover the mountains of our moon, and 
can even measure their altitudes ; that we can ^ee 
the four beautiful moons of the planet Jupiter ; 
that we can perceive marks and irregularities on 
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the sur^Eices of the other planets, enabling us to 
say at what rate they severally whirl round their 
axes, experiencing the phenomena of day and 
night ; — and that we can determine many other 
interesting particulars. 

The discovery of the telescope is said to have 
been first made accidentally by the children of a 
Dutch spectacle-maker, while they were playing 
with their father's work ; but it was turned to 
no use until Galileo, led by science, fell upon it 
again, and with the knowledge of its worth, ob^ 
tained from it the most sublime results. If ever 
human heart throbbed with delight, it must have 
been when Galileo first directed his optic tube to 
the heavens, and through it contemplated so many 
glorious objects which no human eye before had 
seen! — as Venus, our beautiful morning and 
evening star, appearing not a circle, but a crescent 
like our moon in her quarters — as the satellites of 
Jupiter — the rings of Saturn— myriads of stars 
until then invisible to man ; and in a word, when 
he beheld the undoubted prck)fs of the true system 
of the universe, as his genius had before conceive^ 
it, uniting the greatest simplicity with its unspeak- 
able grandeur. 

The Galilean telescope was simply a- large ob- 
ject-glass to collect much light, with a small 
concave eye»glass placed so as to intercept the 
converging rays before they reached their focus, 
and to change their convergency into the paral- 
lelism which the eye could command. This teles- 
cope^ although magnifying less than that made of 
two convex glasses, as above described, still from 
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occasioning no loss of light by the crossing of rays 
in forming an image, was of considerable power. 
The same principle is now adopted for the common 
opera glass. 

It was explained at page 192, that a ray of light, 
in i>eing bent or refracted by transparent media, 
as by a lens, is also divided into rays oi the diffe- 
rent colours seen in the rainbow. Hence an image 
formed behind a simple lens has coloured edges or 
fringes. This fact rendered the images of smaU 
objects, formed in the first telescopes, very indis- 
tinct ; and, but for the important discovery ori- 
ginally made by DoUond the optician, that diffe- 
rent kinds of glass have the dispersive and r^ac^ 
five powers with different relations, so that a 
concave lens of a certain curve applied to a convex 
lens might completely counteract the dispersion of 
colour by the latter, while it left enough of the 
convergence of the rays for the formation of an 
image — ^refracting telescopes would have always 
been very imperfect. Dollond called his telescopes 
achromatic^ or without colouring power. It is very 
remarkable, that he had the fortune to obtain some 
glass for his purposes more suitable than any which 
has been procured since, or which could be made 
by known rules, until the late improvements in 
the manu&cture suggested by the ingenuity of Mr. 
Farraday. The author carried abroad with him a 
small Galilean telescope of DoUond's, which often 
gave more correct information respecting minute 
coloured objects at a distance, as signal flags at 
sea, than much larger, glasses of modern make. 

The Microscope^ of greatest power and with 
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the form called compound, in its structure ap« 
proaches very closely to the telescope^ the chief 
difference being, that while in the telescope a 
large distant object forms in the focus of the ob- 
ject-glass an image exactly as much smaller than 
itself as the distance of the image from the glass 
is less,— in the microscope conversely, a small ob- 
ject placed near' the focus of the object-glass pro- 
duces a more distant image, as much larger than 
itself as the image is more distant, — ^and in the 
one case as in the other, the image is viewed 
through an appropriate eye-glass. The object- 
glass in the telescope is large, in the microscope it 
is generally very small. If, in the latter, an object- 
glass be used of one-eighth of an inch focal dis- 
tance, an4 the object be so placed that its image 
is formed at six inches, the image will be of 
diameter 48 times as great as the object, or will 
have nearly 2,500 times as much surface y and if 
that image be viewed through an eye-glass of half 
an inch focus, the image will appear still twelve 
times larger, or 30,000 times larger than the 
dbject. 

One convex lens is called a single microscope, 
and it magnifies, as already explained, chiefly by 
allowing the eye to be brought so much nearer to 
the object than would be possible to see it without 
the glass : but even if the distance of the eye and 
object is not changed, a lens interposed will still 

magnify by bending 

^^^^^.^...^..J^ t^® light, as at rf, and 

^-«cCIIII^^^][_ ( ) S^^ making that which 

^^^^^^^^^C.j^ comes to the eye at e 
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from the top of such an object, as the little cross 
a, appear to come from 6, and that from the bot^ 
torn to come from r, thus magnifying the cross here 
represented by the black lines, to appear of the size 
represented by the dotted lines. A concave lens 
minifies for the contrary reason. 

Perhaps there is not a greater treat for a person 
who has feeling for the beauties of nature, than to 
explore with the microscope. While the telescope 
lifts the mind to the contem]dation of boundless 
space, occupied by myriads o£ suns, and exhibits 
this globe of ours as less, compared with the uni- 
verse around it, than a leaf is compared with a 
forest, or a grain of sand compared with all which 
lies on ocean's shore; the microsc6pe, again, 
excites new astonishment by shewing on a leaf, or 
in a single drop of water in which the leaf has 
been infused, thousands of living creatures, and 
of creatures not imperfect because thus small, but 
endowed with organs and parts as complex and 
curious as those of an elephant And he who 
admires the curious st-ructure of a honey-comb, 
may bend his eye through the microscope upon 
the cut surface of a willow-branch, or of other 
wood, there to see a similar structure more won- 
derful still : or he may compare the lace of a fly's 
wing with the most perfect which human art can 
weave ; or the beautiful proportions and perfection 
of the limbs and weapons of an insect, invisible 
perhaps to the naked eye, with any larger objects 
of the kind already known to him. 

Telescopes and microscopes might with pro- 
priety be both called microscopes, for often the 
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telescopic object appears to the naked eye evea 
smaller than that which the microscc^e examines. 
The minutest visible insect at hand may hide from 
the eye a planet at a distance. The image in the 
telescope is smaller than in tlie microscope, he^ 
cause the rays from a distance being nearly pa*- 
raliel, must form the image nearly in the focus of 
the object-glass ; while for the microscope, the rays 
from the near object being very divergent, form 
the image far beyond the focus, and proportionately 
larger. 

" Light falling on very smooth or polished and flat 
surfaceSy is reflected so nearly in the order in 
which it fallSy as to appear to the eye as if coming 
directly from the olyects originally emitting it^ — 
and such surfaces are called mirrors/* (Read 
the Analysis, page 16*2.) 

If a marble slab, or other 
flat surface, were in the situa- 
tion M R, with its edges to- 
wards the spectator, a ball pro- 
jected from A perpendicularly 
towards it at D, would rebound 
directly back ' to A, but if 
projected from it obliquely, 
as from B to D, it would not return to the 
first situation B, but to b, a situation as dis- 
tant on the opposite sid^ of the perpendicular, 
thus making the angle of the return or reflection 
equal to the angle of approach or incidence ; the 
same would be true of a ball approaching obliquely 
from any other point, as C, and returning to c. 
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Now light is reflected from polished surfaces ac- 
cording to the same law, so that an eye at A 
would see itself as if placed at d^ an eye at h 
would see an object really at B as if it were at e^ 
and so forth. Where the existence of a mirror is 
not suspected, the objects reflected from it are 
held to be realities placed beyond where it is. A 
wild animal will attack its image in a glass ; and a 
dog crossing a brodc, will quit the piece of meat 
in its mouth to catch the tempting image which 
the eye sees in the water below. The reason that 
an object seen in a plane mirror appears to be just 
as far beyond the mirror as its true distance on the 
side of the spectator, is, that the diverging rays of 
a pencil of light have the same divergence after 
as before reflexion. 

Any plane very smooth surface reflects light as 
now described, and is a mirror ; but difierent sub- 
stances send back very difierent proportions of the 
light which falls on them. A highly polished me- 
tallic surface is the best mirror, often returning 
three-fourths of the whole light. Hence in re- 
flecting telescopes, the mirrors are made of po- 
lished metal. 

Our common looking-glasses are really metallic 
mirrors, for it is the smooth clear surface of the 
quicksilvered tin foil behind the glass which re- 
flects the light, the glass itself merely serving the 
purpose of preserving the metallic surface per- 
fectly clear and flat There is always an imper- 
fection in such'glass mirrors, when used for view- 
ing oblique objects, because the glass bends the 
light a little, and because the external surface of 
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the glass acting also as a mirror, although so much 
more feebly than the metal behind, forms an 
image which mixes with and confuses the other* 

The mirror-power of glass unaided is seen from 
the panes of a plate-glass window, which make 
objects in front very visible, although by no meaqs 
with clearness comparable to that from a metallic 
surface; All common panes of glass in windows, 
or covering print-frames, &c., reflect as much 
%ht as plate-glass, but the reflection being irre- 
gular because the surface is irregular, it does not 
attract notice. 

The smooth surface of a fluid is a mirror, and 
which moreover is horizontal; and when that sur- 
face is metallic, as of mercury, the mirror is most 
perfect In water, spirits, oil, or any other liquid, 
it is also perfect, but feebler. 

The mirror of liquid quicksilver is sometimes 
used by astronomers in observing the apparent al- 
titudes of the heavenly bodies, for the image in 
the mirror appearing exactly as much below the 
horizon as the object is really above it, half the 
distance between them is the true height 

A varnished picture, or any japanned surface, 
is a mirror j nay, also, even a polished piece of 
wood for instance a mahogany table, — as is well 
known among playful children. The author, while 
writing this, is looking on a table covered with 
black leather, and In that covering, as a mirror, 
he clearly sees all bright objects beyond the table. 
Polished stones, as marble slabs, &c., reflect as 
much as glass. But even a surface of air may be 
a mirror, as where a cold and dense stratum hapt 
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peds to be in contact with a wanner and F»r^r 
stratum, ^-hence the trees, islands, &c. reflected 
from below, add seen in the sky where particular 
causes have unequally heated different levels of the 
atmosphere. On the burning sands of Africa a 
stratum of air near the surface being heated, that 
above sometimes becomes a mirror, thus reflecting 
more remote objects : certain kinds of mist and 
thin clouds will elsewhere produce a similar effect, 
so that in them a ship may be seen as if suspended 
aloft, with keel uppermost. 

An object seen by the light reflected from a 
mirror appears always reversed, as for instance, 
when the right hand of a person standing before 
a glass becomes the type for the left hand of the 
image— *and it may be a stump : or when a tree 
or rock, or mountain, seen in the mirror of a lake, 
has its top downwards. 

It is on this account, that a man painting his 
own portrait from a mirror, is apt to reverse all 
accidental characteristics of the countenance or 
person, unless they are the same on both sides ; 
and then if, as is generally true, one eye be higiier 
than the other, or the nose be a little to one side, 
a very incorrect resemblance will be produced. 
Hence a person with a countenance at all thus 
peculiar, never sees himself in a mirror as lie ap-- 
pears to others ; and a belle or beau, who has 
decided that a curl is more graceful on the left 
temple, may unconsciously leave it on the right. 

By reflecting any image, however, from a first 
mirror to a second, and from that to the eye, per-^ 
sons may see the object, or themselves, if they 
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choose, as others see tbeni. What a pity that 
there are not some moral mirrors to answer an 
analogous purpose, and occasionally to tell persons 
how hideous they are to virtue's eye, although 
they think of themselves with such complacency ! 
. A candle placed between two parallel mirrors, 
makes visible in either glass to a spectator on 
one side an endless straight line of lights. If 
the glasses be inclined to each other, the lights 
will appear as if in the circumference of a circle, 
having its centre where the prolonged mirrors 
would meet : this fact is well illustrated in the 
beautiful toy called the kaleidoscope. By placing 
several mirrors in particular situations around an 
apartment, a man entering it may see himself mul- 
tiplied into a crowd, and a few ornamental pillars 
may- produce the effect of thousands formed into 
long colonnades or retiring lines. 

The sun or moon reflected in a still lake, appear 
as they do in the sky ; but if the surface of the 
water become at all ruffled by the breeze, instead 
of one distinct image, there will be a long line of 
bright tremulous reflection. The reason of this 
appearance is, that every little wave, in an extent 
perhaps of miles, has some part of its rounded 
surface with the direction or obliquity which, ac- 
cording to the required relation of the angles of 
incidence and reflection, fits it to reflect the light 
to the eye, and hence every wave in that extent 
sends its momentary gleam, which is succeeded by 
others. 

Although the external surface of glass does not 
reflect but a small part of the light which falls 
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upon it, being therefore a feeble mirror, very cu- 
riously, if light, which has entered a piece of 
glass, fall upon a back or internal surface, very 
obliquely, instead of passing out there, it is more 
perfectly reflected than it would be by the best 
metallic mirror. Thus light 
^' from A entering at B, is en- 
tirely reflected at C, and es- 
capes at D towards E. The 
back of a wedge of glass, or common prism, thus 
becomes a perfect mirror. 

It is this fact which enabled Dr. WoUaston ta 
construct that beautiful little in- 
strument called by him the Gar- 
a L 1c mera Lucida. The two surfaces 

at the back of the small prism 
of glass A become mirrors, the 
first reflecting to the second, 
and the second to the eye at.£, the objects 
in the landscape before it while the eye also 
sees through the glass tathe paper below at B^ and 
may suppose the imagery to be feebly pourtrayed 
on the paper: with a pencil that appearance is 
made permanent, and a correctly drawn outline of 
the scene is at once obtained. This instrument 
for assisting draughtsmen is still simpler than the 
camera obscura. Other modifications of the in- 
strument have since been contrived. 

The same fact of the back and internal surface of 
a transparent mass becoming a mirror, gives us tha 
explanation of that phenomenon so admired before 
it was understood, and not less admired since, viz. 
the rainbow^ or arc in the sky^ as in France and else- 
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where it is named — the object which the poets of 
nature have almost worshipped for its beauty, one 
of the delights of our boyish days, when we saw 
it stretching over the haunts of our young plea- 
sures, and when we pursued it in the hope of 
catching some of the falling rubies and emeralds, 
or bright-coloured dew of which it might be 
composed. 

When a partial shower of rain falls on the side 
of the landscape opposite to where the sun is 
shining, this beautiful phenomenon immediately 
appears, viz. a variegated arch, red at its external 
border or confine, and then successively orange, 
yellow, green, &c., (in the order of the colours of 
the prismatic spectrum described at page 190,) to^ 
wards its inner border or confine: its centre is 
directly opposite to the sun, as if at the end of a 
straight line drawn from the sun through the eye 
of the spectator towards the opposite horizon, and 
being therefore always under the horizon, the bow 
is less than a semicircle. The diameter of the circle 
of which the bow is a part is of about 82'' of the 
field of view. There is a second bow of much fainter 
light than the first, and with the colours in reverse 
order : it is of lOS'' diameter, and therefore external 
to the other. 

Now the explanation of this miracle of beauty 
is simply as follows. While the sun shines upon 
the spherical drops of falling rain, and its light 
falling upon the whole central part of any drop, 
passes completely through, still that portion which 
enters near the edge of the drop, as at a, is re- 
fracted, and reaches the back surface of the drop at 



906 



LIGHT. 




y so slantingly, or at an angle so greats that thwe 

occurs an entire rdflection 
of it instead of transmission ; 
the ray therefore is returned 
to h^ where it again escapes 
from the drop, and as here 
shewn, descends to the earth 
or eye at e. Thus every 
drop of rain on which the sun shines is a little 
mirror suspended in the sky, and is returning at a 
certain angle all round it, viz* at an angle of 41% 
a portiiHi of the light which falls on it ; and an 
eye placed in the required direction, receives that 
reflected light If in this case there were reflec- 
tion only, and not also refraction with separation 
of cokftxrsy the rainbow would be only a very nar^ 
row resplendent are of white Kgbt, built up of 
millions of little images of the sun ; but in truth, 
because the light which enters near the edge of 
the drop traverses the surface very obliquely, it is 
much bent or refracted before its reflection, as 
seen at j, and is divided into rays of its seven 
co]oux!s, as it would be on passing through a prism 
(as explained at page 192) ; and this division or 
separation continuing aAer the light again escapes 
from the drop at 6, instead of one white ray de^ 
scending from each drop to a certain point of the 

earth, seven rays descend 
(here marked by dotted 
lines from the figure 1 on 
the left hand, to 7, 6, 5$ 
&c, on the right), and of 
these an eye can only 
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catch one at a time : but for the same reason 
that seven eyes placed in a line from above down^ 
wards (viewing the centre of the bow) would be 
required to see the seven colours irom one drop» 
so one eye looking in the direction of seven drops 
situated in a corresponding line, as from I to 7* 
will catch the lower or red ray of the uppet^ the 
orange or second ray of the next, the yellow or 
third ray of that which fdUows^ and so on, while 
it will lose all the others^ and thus will see the se^ 
veral drops as if they were each of one colour only. 
Of such elements, then, found in the same relative 
directions all around the eye, the glorious arch is 
formed. No two eyes can see the same rainbow, 
that is, can receive light from the same drops at 
the same time ; and the same eye does not for tWo 
instants receive light from the same drops. This 
rainbow can never appear to a person on a plain, 
unless when the sun is within 41^ of the horizon, 
for otherwise, the centre of the rainbow would be 
more than 41'' under the horizon, and 4tV is the 
whole seraidiameter of the bow. 
. We have described above what is called the prin- 
cipal bow, formed in the drops by two refractions, 
and one reflection of light. To produce the 
fainter second or external bow, mentioned above, 
and of which the colours are in reverse order, 
the light which enters at a is reflected first at ^, 

then again at b, and es- 
h/^:z:^ ^ capes at c towards the ey6 : 

hence there are two reflec- 
tions as well as two re- 
fractions. As the semi- 
' x2 
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diameter of this bow is 54% it may be viable whed 
the internal bow is not 

An artificial rainbow may be produced in sun- 
shine at any time by scattering wkter-drops from 
a brush or otherwise. The cut-glass ornaments of 
chandeliers, &c. produce colours on the same prin^ 
ciple as rain-drops ; as do also mist and particles of 
frozen water between a luminous body and the 
eye, exhibiting the circular hobs often observed 
around the sun and moon. 

" Mirrors may be plane, ctmvex, or concave; and 
certain curvatures will produce images by refiec^ 
tion, just as lenses produce images by refraction ; 
so that there are reflecting telescopes, microscopes, 

. ^., as there are reacting instruments of the sam^ 
names/* (See the Analysis, page 162.) 

While a plane surface reflects light, so that what 
is called the image in it of a known object may 
readily be mistaken for the reality, convex or con* 
cave mirrors reflect as if every distinct point of 
them were a separate small plane mirror, and 
their effects on light correspond with the relative 
inclination of the different parts. The only forms 
of much ihiportance are the regularly spherical or 
parabolic concave and convex mirrors. We shall 
now find that these have on light similar effects 
with lenses, only the concave mirror answers tb 
the convex lens, and the convex mirror to the 
concave lens. It is the concave mirror which 
gathers the light to form images in the most per- 
fect telescopes that exist, as those of Herschell 
and others. Admirable as in certain respects is 
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1ii6 rrfracting telescope, it falls much short of the 
telescope acting by reflection; 

In a hollow sphere, or part of a sphere with 
polished internal surface, if rays radiate from the 
centre in all directions, they reach every part per^ 
pendicularly, and therefore are thrown back to 
the centre. Thus, if A B weire 
a concave spherical mirror, of 
which C were the centre, rays 
issuing from C would again meet 
there. 

a. It can be proved also, 

^ that any ray parallel to 

c the axis, falling upon 

; ^ such a mirror, will be 
reflected inwards so as to cut the axis half-way 
between the mirror and its centre, viz. at D. 
Then as all parallel rays meet in the same point, 
that point becomes a focus, as already explained 
for lenses ; — about that part an image of the sun, 
for instance, will be formed when the mirror is 
held directly towards the sun. This point is 
called the principal focus of the mirror. 

For the same reason that parallel ray^ meet in 
the focus, so will rays, issuing from the focus, be- 
come parallel, after reflection, as seen in the flgure 
at page 59 ; and if they be then caught in a se- 
cond and opposite mirror, as there also represent- 
ed, corresponding effects will follow. 

Now, for a concave mirror, as already explained 
for a lens, when rays fall on it obliquely from one 
side of the axis, their focus will be on the oppo- 
;ute side, and therefore the mirror will form an in^ 
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verted image of any body .placed before it, just as 
a lens does ; and the image will be near or dis* 
tant, and large or small^ according to the diver- 
gence of the approaching rays, exactly as happens 
with lenses : and thus, the camera obscura, magic 
lantern, telescopes and microscopes, may all be 
formed by mirrors, as they may be by lenses. 
Moreover, concave mirrors magnify, and convex 
mirrors minify, as concave lenses of the opposite 
names do. The two subjects of images by refrac- 
tion and by reflection run so nearly parallel, that it 
would be useless repetition here to enter upon the 
detailed consideration of the latter subject, and 
we shall therefore content ourselves with shewing 
why a concave mirror magnifies, and why a convex 
mirror minifies. 



1- 



A concave mirror 
"T^ ^ magnifies, because the 



I \ . r--'''^ — 1 — Ib light from A reaching 

bL--^ ^ the mirror where it 

can be reflected to an eye placed at F, viz. at E, 
seems to the eye to come from C, and the light of 
B similarly appears to come from D, so that the 
cross A B, by the reflection, seems to the eye to be 
of the greater dimensions C D. 

In a convex mirror, again^ 
for corresponding reasons, the 
cross A B appears only as 
C D, and therefore much 
smaller than the reality. 
Concave, or magnifying mirrors, are often used 
by persons in shaving.* 

A convex mirror is a common ornament of our 
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apartments, exhibiting a pleasing miniature of the 
room and its contents. 

Any polished convex body is a mirror, and 
therefore the ball of the human eye is one in 
which we may contemplate most perfect miniatures 
of surrounding things. It is the imi^e of the 
window, or of the sun, in the convex mirror of 
the eye, which painters usually represent by a spot 
of white paint there ; and a similar luminous 
spot or line must be made when they represent 
almost any of the pieces of furniture which have 
rounded polished surfaces, as bottles, glasses, 
smooth pillars, &c. 

Convex lenses thus are mirrors to all the objects 
around them, and very strikingly so, owing to the 
perfection of the form of a lertS. Tlie polished 
back of a watch, often iti the same way attracts 
the attention of a chi^ld, who wonders to see there 
so clearly * a little baby.' 

It has been a mathematical amusement to cal* 
culate what kind of distortion mirrors of unusual 
forms will produce, and then to make distorted 
drawings, which reflected from such mirrors, might 
produce in the eye the natural image of the 
objects. 

When a concave mirror is used for a telescope, 
the image formed in front of it, and examined 
usually through a powerful magnifying eye-glass, 
may be viewed,— as in He AhelPs telescope, by the 
spectator turning his baclc w the real object, and 
looking in at the mouth llf the telescopic tube, 
near to the edge of which .Ae image is thrown by 
a slight inclination of the fljirror at its bottom :— 
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or as iu the Nerttanian telescope, throagb 7MI 
opening in the side of the tube, after being re- 
flected by a small plane mirror placed diagonally 
in the centre of the tube: — or as in the Gregorian 
telescope, through an opening cut in the principal 
mirror or speculum, after being reflected towards 
that opening by a smaller mirror placed in the 
centre of the tube : this last arrangement is that 
preferred for jsmaller telescopes, because the 'spec- 
tator, while seeing the image, is also looking in 
the direction of the object 

Reflecting telescopes have the advantage of be- 
ing perfectly achromatic^ that ii^, of producing no 
coloured or rainbow edges to the images: for 
compound light is reflected, although not ref^act- 
ed^ entire, all the colours following the same law of 
equal angles of incidence aad reflection. 

HerschelPs largest telescope had a mirror of 48 
inches in diameter, and therefore received about 
1«?0,000 times more light than, an unassisted eye 
could, making with it, at a focal distance of 40 
feet, a large image admirably distinct. It was 
. with this that, in the obscurity of remote space, he 
discovered rolling along the immense planet, which 
in honour of his royal patron, he called the Geor^ 
gium SiduSf but which now, by the decision , of 
the scientific world, bears his own name; — and 
with this he discovered moons before unseen, of 
other planets, and he unravelled the celestial ne- 
bulas and clustered stars of the milky wny, and, 
in a word, unveiled, vastly more than had before 
been done, the system of the boundless universe. 
If this world were to last for millions of years, the 
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discoveries of Hersch ell's telescope would mark 
a memorable epoch of its early history* 

** Light, returned frorrij or passing through bodies 
of rougher or irregular surface^ or which have 
other peculiarities, is so modified as to produce all 
those phenomena of colour and varied brightness 
seen among natural bodies, and giving them their 
distinctive characters and b^auty.^^ (See the 
Analysis^ page 162.) 

General remarks on this part of our subject 
wefe made in the beginning of the section, in the 
explanations of how objects not self-luminous be- 
come visible by reflecting the light of other bodies, 
and of how the prism separates a ray of white 
light into rays of the several colours of the rain- 
bow — ^which rays, on being again mixed, re- 
produce white light as before : — ^and much beyond 
these remarks ^f^e have not the intention of now 
proceeding. To give a full account of the mat* 
ters that cotne within the scope of this depart- 
ment, would occupy the pages of a large volume, 
for there would be to pass in review the various 
opinions which have existed on the intimate nature 
o{ light, — the facts connected with what has 
been called the polarisation of light, — ^the relation 
of light in double refraction, to the ultimate 
structure of material masses, &c., all which sub- 
jects are in certain respects highly interesting, biit 
--—as some of them are not yet completely inves- 
tigated — as respecting, others, various opinions 
prevail, — as they involve few matters applicable 
to common use, — as the reasonings about them 
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are far removed from ordinary trains of thinking, 
and refer to facts altogether unknown to common 
observation^ — we hold them not to be fit parts of 
a popular treatise on light. We may state, how- 
ever, that persons who have the leisure and the 
^ mathematical preparation necessary for pursuing 
the study, will find their labour in it richly re- 
warded. 

What we deem it necessary then here to add is, 
that white light in falling upon any transparent 
substance, as air, water, glass, &c^ reduced to 
thin plates or films, is so affected, that for certain 
degrees of thinness, different for each substance^ 
it is decomposed, and is reflected or transmitted 
not as white light, but as some of the colours of 
the rainbow, and the colour reflected in any case 
is always the opposite or complement of that 
which passes through, that is to say, such that 
the two brought together again make white light 
The facts may be studied, as Newton <mgixai\y 
studied them, in the thin plate of air which oc^* 
cupies the space between a convex lens and a 
plane surface of glass upon which the lens is 
laid, — in which plate, as the distance from the 
point of the apparent contact of the glasses in* 
creases, there appear successive rings of vivid 
colours. The same truth is exemplified, in the 
'colours of a soap-bubble, which brighten as the 
bubble swells and becomes of thinner substance, 
and are different as the thickness increases from 
above downwards; — and it is exemplified in 
numerous other common facts. Now whatever 
be the reasons of such decomposition of light^-^ 
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and the explanation is not yet complete*— we can- 
not doubt that in natural bodies generally, the 
cc^ours, opacity, transparency, &c. depend entirely 
upon the volume and arrangement of the mtoute 
fibres or plates, with included interstices, which 
constitute tiie volume or structure of each mass. 
Accordingly, whatever changes that arrange- 
ment, may change also the colour of the mass. 
Thus by drawing a certain number of minute 
lines on a certain extent of any metallic sur&ce, 
we may make it of what colour we please ; and 
mother-of-pearl owes its beauty entirely to its 
furrowed or striated surface, as is proved by our 
taking an impression of that surface on sealing- 
wax, and perceiving that tiie wax then exhibits 
similar colours. 

The investigations in progress respecting the 
phenomena of light, are furnishing new proofs of 
the extreme simplicity of nature, amidst the 
boundless extent and infinite variety. When men 
thought of the sense of touch only as it exists at 
the tips of the fingers, or on the general surface 
of the body, they were far from suspecting that 
the sense of hearing had the near relation to it 
which subsequent discoveries have proved, and 
still less did they think, that the sense of sight was 
similarly related ; but step by step they ascer- 
tained, 1st of sound coming to the ear through the 
air-~that air was a material fluid as much as water, 
consisting of the same or similar particles, only 
more distant among themselves — that a motion or 
trembling in the air, by affecting nerves exposed 
in the ear, produced the sensation of sound, as 
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the trembling in a log pf wood caused by tire 
action of a saw produces a peculiar sensation of 
touch in a hand laid on the log,— and, finally, that 
common sound in all its varieties, is merely such 
trembling of the air, affecting a structure of nerve 
so exposed in the ear, as to be as much more 
readily excitable than the nerves in the fingers 
and elsewhere in the skin, as the action or im- 
pulse of moving air is more delicate than that of 
common solids and liquids. And now, in the in- 
vestigations respecting light, this kind of com- 
parison is carried a step further, for it is become 
matter almost of certainty that the sensation of 
light is produced in a suitable nervous tissue in 
the eye, by a trembling motion in another fluid 
than air, which fluid pervades all space, and in 
rarity or subtiety of nature surpasses air vastly 
more than air does water or solids; — and while 
in sound, different tones or notes depend on the 
number of vibrations in a given time, so in light 
do different colours depend on the ea^tent of the 
single vibrations. Can human imagination picture 
to itself a simplicity more magnificent and fruitful 
of marvellous beauty and utility than this !— But 
farther, as air answers in the universe so many 
important purposes besides that of conveying 
sounds, although this alone comprehends language, 
which almost means reason and civilization — so 
also does the material of light minister in nume- 
rous ways, in the phenomena of heat, electricity, 
and magnetism. 

The truths now positively ascertained with 
jespect to the nature of light and vision, are 



PERFECTION OF THE EYE. .317 

perhaps those in the wide field of human inquiry 
which, acting on ordinary apprehension, most for-* 
cibly place the individual as it were in the presence 
of Creative Intelligence, and awaken the most 
elevated thoughts of which the human mind is 
capable. Had there been no light in the uni^^ 
verse, all its other perfections had existed in vain* 
Men placed on earth would have been as human 
exiles with their eyes put out, abandoned on 
an unknown shore, of climate and productions 
totally new to them : every movement might be 
to destruction, for their perceptions would be limi- 
ted by the length of their arms, and of their fearful 
groping steps, and the wretched beings, sepa- 
rating when impelled by hunger to search for 
food, would probably scatter to meet no more. 
But the material of light exists, pervading all 
space, and certain impressions made upon it in 
one place rapidly spread over the universe, the 
progressive impression being ^called a ray, or 
beam of light. The beams of light, then, from 
all parts coming to every individual, may be re* 
garded as supplementary arms or feelers belonging 
to the individual, and which reach to the end of 
the universe, so that each person, instead of being 
as a blind point in space, becomes nearly omni- 
present : — then these limbs or feelers have no 
weight, they are never in the way, they impede 
nothing, and they are only known to exist when 
their u^e is required ! But this miracle of light 
would have been totally useless, and the lovely 
paradise of earth would have been to man still a 
dark and drearv desert, had there not been the 
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twin miracle of an organ of commensurate delicacy 
to perceive the light, viz. of the JSye ;*— in which 
there 13 the round cornea of such perfect transpa* 
rence, placed exactly in the anterior centre of the 
ball (and elsewhere it had been useless), then exact- 
ly behind this, the beautiful curtain the iris, with its 
pupil dilating and contracting to suit the intensity 
of light — and exactly behind this again, the crys- 
talline lens, having many qualities which only com- 
plex structure in human art can attain, and by 
the entering light forming on the retina beautiful 
pictures or images of the objects in front, — the 
most sensible part of the retina being where the 
images fall. Of these parts and conditions, had 
any one been otherwise than as it is^ the whole 
eye had been useless, and light useless, and the 
great universe useless to man, for he could not 
have existed in it. Then, farther, we find that 
the precious organ the eye is placed not as if by 
accident, somewhere near the centre of the person^ 
but aloft on a proud eminence, where it becomes 
the glorious watch-tower of the soul ; and, again^ 
not so that to alter its direction the whole person 
must turn, but in the head, which on a pivot of 
admirable structure moves while the body is at 
rest ; the ball of the eye, moreover, being fur<- 
nished with muscles which, as the will direct^ 
turn it with the rapidity of lightning to sweep 
round the horizon or take in the whole heavenly 
concave; — then is the delicate orb secured in 
a strong socket of bone, and there is over thi# 
the arched eyebrow as a cushion to destroy the 
shock of blows, and with its inclined hairs to turq 
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aside the descehdiag^ perspiration which might 
incommode ; — then is there the soft and pliant 
eyelid with its beauteous fringes, incessantly wip-* 
ing the polished surface, and spreading over it the 
pure moisture poured out by the lacrymal glands 
above^ of which moisture the superfluity by a fine 
mechanism is sent into the nose, there to be eva- 
porated by the current of the breath :— still further, 
instead of there being only one so precious organ, 
there are two, lest one, by accident, should be de* 
stroyed, but which two have so entire a sympathy, 
that they act together as only one more perfect ; 
«— then the sense of sight continues perfect during 
the period of growth from birth to maturity, al- 
though the distance from the lens to the retina is 
constantly varying ^-^and the piu*e liquid which fills 
the eye, if rendered turbid by disease or accident^ 
is by the actions of life, although its source be 
the thick red blood, gradually restored to trans* 
parency* The mind which can suppose or admit 
that within any limits of time, even a single 
such organ of vision could have been produced 
by accident, or without design, — ^and still more, 
that the millions which now exist on earth, all 
equally perfect, can have sprung from accident— or 
that the millions of millions in past ages were all but 
accidents — and that the endless millions thraugh<>- 
out the animate creation, where each requires a 
most peculiar fitness to the nature and circum- 
stances of the animal, can be accideijt — must 
surely be of extraordinary character, or must 
have received unhappy bias in its education. 
As a concluding reflection with respect to vision 
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